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Pràctica Q 1 


Contingut del treball A 


1. Objectius 


Amb aQuesta pràctica es vol aconsegúir'que l'estudiant s'enfronti a un disseny complet del 


hardvvare d'un sistema amb microprocessador. 


El microprocessador escollit és el 8086 d'INTEL, com a exemple d'un microprocessador de 
16 bits dels actualment existents. Així, també es vol que hi hagi un contacte més directe amb 


els conceptes que, sobre aquest microprocessador, s'han explicat a les classes de teoria. 


A partir d'unes especificacions l'estudiant haurà de fer un disseny seleccionant els 
components comercials que s'adequin a les especificacions donades, de forma que amb la 
realització d'aquest treball haurà d'entendre les especificacions inicials del disseny, prendre 
decisions sobre les diverses alternatives possibles d'aquest, entendre les especificacions 


dels components donades pels fabricants i solucionar amb tot detall el disseny. 


Pertant, en general, exigirà a l'estudiant una comprensió completa i global d'aquest tipus de 


sistemes. 
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2. Especificacions 


S'haurà de dissenyar un sistema basat en microprocessador que compleixi les 


especificacions seguents: 
Microprocessador 

- 8086 que haurà de treballar amb un coprocessador matemàtic, 8087 
Memòria 

: RAM: 896 RB. Estarà col.locada en la part baixa de memòria . 

- ROM: 128 RB. Situada a la part alta de la memòria . 


Dispositius d'entrada/sortida 


- Interfície de comunicació paral.lela: adreçada a partir del port 140h. Ha de permetre la 


transferència de bytes. 
- Interfície de comunicació sèrie adreçada a partir del port 160h. 


Aquestes interfícies han de poder efectuar entrades/sortides per consulta d'estat i 


per interrupcions. 


Recordeu que el controlador d'interrupcions també necessita tenir assignades unes 


adreces i lo normal es que siguin d'E/S, si és possible. 
Expansió del sistema 


Cal preveure que els busos del sistema siguin oberts per permetre que el sistema es 


pugui ampliar amb la connexió d'altres dispositius en aquest bus. 
Altres requeriments 


Assegurar que la tensió d'alimentació que arriba al circuits integrats és el més constant 


possible i lliure de paràsits o soroll. 


Assegurar que totes les línies tindran un nivell lògic definit (O o 1) en tot moment. 
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Diagrama de Blocs 
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Pràctica O 4 


4. Orientació al disseny 


Por lor un disseny correcte podom procedir com si es tractós d'un disseny de programa: 
analitzar el problema i identificar parts que es puguin resoldre per separat, dividint el 


problema inicial en blocs més petits i, per tant, de resolució més senzilla. 


Aquest tractament del disseny es pot.aconseguir seguint la divisió funcional que es pot 
treure del diagrama de blocs de la figura 1. Així, es proposa que el disseny es divideixi en les 


seguents parts: 
1) Disseny del conjunt Cloch, 8086, NPU, Controlador de bus, Latch, Transceivers. 
2) Disseny del conjunt Memòria, descodificador de memòria. 
3) Disseny del conjunt E/S, descodificador d'E/S i controlador d'interrupcions. 


1) Pel disseny del sistema de cloche només cal calcular la xarxa RC per al reset automàtic i 
escollir un cristall per la frequència de treball que es desitgi. La frequència de rellotge del 
sistema estarà relacionada amb el temps d'accés a memòria (o dispositius), o viceversa. 
Aquests dos paràmetres s'hauran d'escollir de manera que es pugui treballar a la frequència 
màxima per les característiques de les memòries disponibles (és un criteri de disseny dels 


molts possibles). 


Els teminals d'entrada que no siguin utilitzats cal deixar-los, en general, al seu estat inactiu, i 
sempre tenint en compte el seu significat. Per exemple, els senyals CSYNC i EFI del 8284 
els deixerem connectats a nivell 0. L'entrada AEN2 la connectarem a 1 lògic, a través d'una 
resistència d'1R a 10R per evitar danys a l'entrada, deguts a sobretensions d'alimentació. 
Per altra banda, una de les entrades RDY l'inclourem en el bus de control, mentre que l'altra 


la posarem a nivell 0 perquè l'activació de la primera pugui causar l'efecte que correspongui. 


Pel cas de les sortides que no s'utilitzen les podem deixar a l'aire, sense connectar-les en 


lloc. 


Per al càlcul de la constant de temps de la xarxa de reset s'hauria de tenir en compte les 
especificacions de temporització del senyal de reset per al 8086. En aquest cas, el senyal de 
reset s'ha de mantenir actiu durant 4 cicles de rellotge si el sistema ja està en marxa, o durant 
50 us si l'alimentació del sistema no estava connectada, tenint en compte que, en aquesta 
última situació, l'especificació es dóna respecte el moment en que l'alimentació ja s'ha 
establitzat, per tant, s'haurà de considerar el temps necessari perquè s'arribi a aquest estat. 
En termes pràctics es pot considerar que una constant de temps (RC) bona pot tenir de 


l'ordre de 1,5 seg. 
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Dels senyals de la CPU, un dels senyals RQ/GT es pot incloure com a senyal del bus de 
control i l'altre connectat al COPRO. El senyals de sortida del controlador de bus (8288) que 
siguin actius a nivell baix, els connectarem, a través d'una resistència d'1R a 10H, al terminal 
4 5V, per assegurar sempre un nivell lògic 1 per defecte i evitar nivells ambigus durant 
processos de transferència del control dels busos (en procesos DMA o en sistemes 


multiprocessador). 


2) El descodificador de memòria s'haurà de dissenyar per poder cumplir les especificacions 
que es demanen, per tenir disponibles els senyals de selecció de xip. En l'esquema s'haurà 


de representar el zòcol de tots els xips. 


3) Un aspecte pràctic del disseny de la part d'entrada/sortida és el fet que les interfícies o 
xips d'E/S utilitzats tenen els busos de dades de 8 bits i, per altra banda, el bus del sistema 
és de 16 bits. Una alternativa per superar aquesta incompatibilitat inicial és connectar el xip a 
la part baixa del bus de dades, per exemple. Això implicarà que només podrem accedir als 
registres interns del xip a través de transferències d'E/S de byte amb adreça parell, o sigui, el 
xip ocuparà posicions consecutives amb adreça parell. La línia AO del bus d'adreces no es 
farà servir com a línia d'adreces del xip, sinó que es faran servir les línies a partir de la A1. En 
funció de si A0 és utilitzada o no per a la descodificació del mapa d'E/S i generació dels 
senyals CS, tindrem que, el xip ocuparà parells de posicions (de les quals només podrem 
utilitzar, realment, la d'adreça parell) o només posicions d'adreça parell consecutives. 


El controlador d'interrupcions 8259 ha de rebre totes les peticions d'interrupció del sistema i 
les línies d'entrada de petició d'aquest xip que no siguin utilitzades les deixerem com a línies 
addicionals del bus del sistema, de manera que siguin accesibles des d'altres subsistemes 
que estiguin connectats al nostre a través del bus del sistema (bus obert). El terminal de 
sortida de petició d'interrupció del controlador el connectarem al terminal d'interrupió 


macarable de la CPU. 
Altres consideracions pràctiques: 


Per eliminar els transitoris o paràsits que es puguin introduir en les línies d'alimentació 
dels xips, normalment es col.loquen condensadors en paral.lel i el més aprop possible 


dels terminals de cada xip. 


1 
Per assegurar que totes les línies tinguin un nivell lògic definit en tot moment (0 0 1) 
una possible solució per imposar un nivell lògic 1, per defecte, consisteix en 


connectar una resistència entre la línia en questió i la línia de 45V. 


Pràctica O 
6. Presentació 


La presentació final del disseny haurà d'incloure les seguents parts: 


- Esquemes circuitals complets i detallats del sistema, on hi haurà de constar una 


identificació per cada component i la seva referència. 


. Llista de components ordenats per tipus (circuits integrats segons la seva funció, 


resistències, condensadors, ...) 


- Donar les especificacions de la font d'alimentació (potència i tensió) que necessitarà 


el sistema, justificant-les. 
. Justificar els "timing" més importants del circuit (transferències entre CPU i memòria). 


: Explicar breument les desicions de disseny que s'han pres en cada part del circuit. 


Important: 
La pràctica és farà en grups de dues persones i es presentarà un informe per grup. 


La presentació de la pràctica s'ha de fer abans del 5 de maig de 1997. 
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Especificacions 


A continuació es donen les especificacions dels seguents dispositius: 


8086 "7 

8087 

8282 Latch 

8284A 

8286 Transceiver 

8288 Controlador de bus 
8259 

Memòries: EPROM, RAM 
Interfícies d'E/S: 8255, 8251A 
Portes lògiques 
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m Adds Arithmetic, Trigonometric, 
Exponential, and Logarithmic 
Instructions to the Standard 8086/8088 
and 80186/80188 Instruction Set for All 
Data Types x 


m CPU/8087 Supports 7 Data Types: 16., £ 
32-, 64-Bit Integers, 32-, 64-, 80-Bit 


8087 
MATH COPROCESSOR 


m Avallable in 5 MHz (8087), 8 MHz (8087- 
2) and 10 MHz (8087-1): 8 MHz 80186/ 
80188 System Operatlon Supported " 
vvith the 8087-1 


m Adds 8 x 80-Bit Individually 
Addressable Register Static to the 
8086/8088 and 80186/80188 


Architecture 
m 7 Bullt-in Exception Handling Functions 


m MULTIBUSS System Compatible 
Interface 


Floating Point, and 18-Digit BCD er 
Operands 


m Compatible vvith IEEE Floating Point 
Standard 754 


The Intel 8087 Math CoProcessor is an extension to the Intel 8086/8088 microprocessor architecture. V/hen 

combined vvith the 8086/8088 microprocessor, the 8087 dramatically increases tho processing speed of 

computer applications vvhich utilize mathematical operations such as CAM, numeric controllers, CAD or graph- 

ics. 

The 8087 Math CoProcessor adds 68 mnemonics to the 8086 microprocessor instruction set. Specific 8087 
th operations include logarithmic, arithmetic, exponential, and trigonometric functions. The 8087 supports 

integer, floating point and BCD data formats, and fully conforms to the ANSI/IEEE tloating point standard. 


The 8087 is fabricated vvith HMOS III technology and pactaged in a 40-pin cerdip pachage. 
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Figure 1. 8087 Blocx Diagram Figure 2. 8087 Pin 
Configuration 


October 1989 
Order Number: 205835-007 


intel 


8087 


Table 1. 8087 Pin Description: . -: 


Symbol J Type 


Name and Function 


ADIS-ADOJ I/O 


ADDRESS DATA: These lines constitute the time multiplexed memory address. (T4) 
and data (T2, Tg, Tyy, T4) bus. AO is analogous to the HE for the lovver byte of the data 
bus, pins D7-DO. It is LOVV during T4 vrhen a byte is to'be transferred on the lovver 
portion of the bus in memory operations. Eight-bit oriented devices tied-to the lovver half 
of the bus vvould normally use AQ fo condition chip select functions. These jnes are 
active HIGH. They are input/output lines for 8087-driven bus cycles and are inputs 
vhich the 8087 monitors vvhen the CPU is in control of the bus. A15—A8 do not require 
an address latch in an 8088/8087 or 80188/8087. The 8087 vill supply an address for 
tho T4—T4 period. È i 


A18/S5, 
A17/S84, 
A16/S3 


A19/S6,: I/O 
"I memory operations. During memory operations, status information is available on these 


"ADDRESS MEMORY: During T4 these are the, four most significant address lines for 


lines.during Ta, T3.. Tyy, and T4. For 8087-controlled bus cycles, S6, 84, and S3 are 
reserved and currently one (HIGH), vhile S5 is alvrays LOVV. These lines are inputs 
vrhich the 8087 monitors vehen the CPU is in control of the bus. 


BHE/S7 /O 


BUS HIGH ENABLE: During T the bus high enable signed (BHE) should ba used to 
enable data onto the most significant half of the data bus, pins D15-D8. Eight-bit- 
oriented devices tied to the upper half of the bus vvould normally use BHE to condition 
chip select functions. BRE is LOVV during T3 for read and'vrite cycles vvhen a byte is to 
be transferred on the high portion ot the bus. The S7 status information is available 
during T2, T3, Tyy, and T4. The signal is active LOVV, S7 ls an input vvhich the 8087 

j monitors during the CPU-controlled bus cycles. 


s281,85 Í vo 


: monitored by the 8087 vhen the CPU is in control of the bus. 


STATUS: For 8087-driven, these status lines are encoded as follovys: 

ES 
0 (LO) XX Unused 
1(HIGH) OO: Unused : 
1 0. 1 Read Memory 
1 1. 0 Vte Memory 
1 1 1 Passive : I 5 
Status is driven active during Ta, remains valid during T4 and Ta, and is retured to the 
passive state (1, 1, 1) during Ta or during Tyy vhen READY is HIGH. This status is used ' 
by the 8288 Bus Controller (or the 82188 Integrated Bus Controller vvith an 80186/ 
80188 CPU) to generate all memory access control signals. Any change in S2, ST, or 
SO during Ta is used to indicate the beginning of a bus cycle, and the return to the 
passive state in Ta or Tyy is used to indicate the end of a bus cycle. These signals are 


ee El 


RQ/GTO0 Me) 
EL 


REQUEST/GRANT: This request/grant pin is used by the 8087 to gain control of the 
local bus from the CPU for operand transters or on behalf of another bus master. It 
must be connected to one of the tvb processor request/grant pins. The request/grant 
sequence on this pin is as follovs: I 

1. A pulse one cloct vride is passed to the CPU to indicate a local bus request by either 
the 8087 or the master connected to the 8087 RQ/GT1 pin. 

2. The 8087 vaits for the grant pulse and vhen it is received viill either initiate bus 
transter activity in the cloch cycle folloving the grant or pass the grant out on the 
RQ/GT1 pin in this cloch if the initial request vas for another bus master. 

3. The 8087 vill gonerate a release pulse to the CPU one cloch cycle after tho 
completion of tho last 8087 bus cycle or on receipt of the ralease pulsa from the bus. 
master on RQ/GT1. tl ci I 

For 80186/80188 systoms the samo soquence applies except RQ/GT signals are 

convortod to approptiato HOLD, HLDA signals by tho 82188 Intogratod Bus Controllor. 

This ls to contorm vath 80106780 1U8'8 HOLD, HLDA bus exchango protocol. Hotor to 

the 82188 data sheet for further information. 


2-123 


8087 a R 


3 


Table 1. 8087 Pin Description Continued) 


Symbol Type 


the next 
be one dea 


Bus Control 


RQ/GT1 Me) l REQUESTZGRANT. This request/grant pin is used by another local bus master to 


htof the bus the request/grant sequence F as folloys: 
1. A pulse 1 CLR yide from anothet local bus master indicates a local bus request to 


2. During the 8087's Next Tq or T4 a pulse 1 CLX vide from the 8087 to the requesting 
master (pulse 2) indicates that the 8087 has allovyed the local bus to float and that it 
Vil enter the "RQ/GT acinovledge" state at the next CLX. The 8087's control unit 
is disconnected logically from the local bus during "RQ/GT aclinomledge.'" 3 

3. A pulso 1 CLR vida from the roquesting master indicates to the 8087 (pulse 3) that 
the "RQ/GT" request is about to end and that the 8087 can reclaim the local bus at 


Each master-master exchange of the local bus is a sequence of 3 pulses. There must 


For 80186/80188 System, the RQ/GT1 line May be connected to the 82188 Integratod 


0 cycla later, Subsequent grant and release pulses are also Passed through 
ith a tvvo and one cloch delay, respectively, for resynchronization, RQ/GT1... 
rNal pullup tesistor, and so may be left unconnected. If the 8087 has gontrol 


CL. 
d CL eycle after each bus exchange. Pulses are active LOVV, 


ller. In this caso, a third processor vith a HOLD, HLDA bus exchange 


a LE 
QS1, QS0 I QS1, QS0: 


instruction queue, 


QSs1 QSs0 : 
0 (LOVV) 0 No Operation 
0 Fitst Byte of Op Codefrom Queue 
1 (HIGH) 0 Empty the Queue È 
1 1 Subsequent Byta from Queue 
INT le) INTERRUPT: This line is used to indicate that an unmasted exception has occurred 
during numeric instruction execution vhen 8087 interrupts are enabled, This signal is 


QS1 and QSO provide the 8087 vvith status to alloyy traching of the CPU 


Cconnected 


active HI 


BUSY . le) BUSY: This signal indicates that the 8087 NEU is executing a númeric instruction. ltis 


unmasted exception BUSY remains active until the exception fs Cleared. BUSY is 


to the CPU's TEST Pin to provide Synehronization. in the case ofan 


RESET: RESET causes the processor to immediately terminate its presen: activity. 
The signal must ba active HIGH for at least four cloct cycles, RESET is internaliy 
Synchronized.'. . . : 


provides the basic timing for the processor and'bus controller, It is 


3394 duty cycle to provide optimized internal timing. 


Vec POVVER: Vecis the - 5V pover SUPPIY pin. ' 


l GND GROUND: GNO aro the ground pins. 
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APPLICATION AREAS 


The 8087 provides functions meant specifically for 
high performance numeric processing requirements, 
Trigonometric, logarithmic, and exponential func- 
tions are built into the coprocessor hardvvare. These 
functions are essential in scientific, engineering, 
navigational, or military applications. na 


The 8087 also hag capabilities meant for business or 
commercial computing. An 8087 can process Binary 


Coded Decimal (BCD) numbers Up to 18 digits vvitfi-— 


out roundoff errors. It can also perform arithmetic on 
integers as large as 64 bits £ 1018), 


PROGRAMMING LANGUAGE . 


SUPPORT 


Programs for the 8087 can be vittan In Intel's high- 
level languages for 8086/8088 and 80186/80188 
Systems, ASM-86 (the 8086, 8088 assembly lan- 
guage), PL/M-86, FORTRAN-86,-and PASCAL-86. 


RELATED INFORMATION 


For 8086, 8088, 80186 or 80188 details, refer to the 
respective data sheets. For 80186 or 80188 Sys- 
tems, also refer to the 82188 Intogratod Bus Con- 
troller data sheet. ç 


FUNCTIONAL DESCRIPTION 


The 8087 Math CoProcessor's architecture is de- 
signed for high performance numeric computing in 
conjunetion vvith general purpose processing. 


Tne8087 is a numeric processor extension tgat pro- 
vides arithmetic and logical instruction support for a 
variety of numeric data types. It also executes nu- 
merous built-in transcendental functions (e.9., tan- 
gent and log functions). The 8087 executes instruc- 
tions as a coprocessor to a maximum mode CPU. It 
effectively extends the register and instruction set of 
the system and adds several novv data types as vvell, 
Figure 3 presents the registers of the CPU -- 8087. 
dable 2 shovs the range of data types sypported by 
the 8087, The 8087 is treated as an extension to the 
CPU, providing register, data types, control, and in- 
struction capabilities at the hardivare level. At the 
programmer's level the CPU and the 8087 are 
viovred as a single unified processor, 


System Configuration 


As a coprocessor to an 8086 or 8088, the 8087 is 
Vvired in parallel vvith the CPU as shovn in Figure 4, 
Figure 5 shovs the 80186/80188 system configura- 
tion. The CPU's status. (S0-S2) and queue status 
lines (QSO—QS1) enable the 8087 to monitor and 
decode instructions in synchronization vvithi the CPU 
and vithout any CPU overhead. For 80186/80188 
Systems, the queue status signals of the 80186/ 
80188. are synchronized to 8087 requirements by 
the 8288 Integrated Bus Controller, Once started, 
the 8087 can process in parallel vvith, and indepen. 
dont of, tha host CPU. For rosynchronization, the 
8087's BUSY signal informs the CPU that the 8087 
is executing an instruction and the CPU VVAIT in- 
struction tests this signal to insure that the 8087 is 
ready to execute subsequent instructions. The 8087 
can interrupt the CPU vhen it detects an error or 


" exception. The 8087's intorrupt request line is typi- 


cally routed to the CPU through an 8259A Program- 
mable Interrupt Controller for 8086, 8088 systems 
and INTO for 80186/80188. 
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Figure 3. CPU 4 8087 Architecture 
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Figure 5. 


80186/8087, 80188/8087 System Configuratlon 
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" The CU maintains an instruction queue that is identi- 
cal to the queue in the host CPU. The CU automati- 
cally determines if the CPU is an 8086/80186 or an 
8088/80188 immediately after reset (by monitoring 
the: BHE/S7 line) and matches its queue length ac- 
cordingiy: By monitoring the CPU's queue status 
lines (QS0, QS1), the CU obtains and decodes in- 
structions from the queue in synehronization vith the 


CPU. 
Li 


A numeric instruction appears as an ESCAPE .in-... 


struction to the CPU. Both the CPU and 8087 do- 
Code and execute the ESCAPE instruction together. 
The 8087 only recognizes the numeric instructions 
shovvn in Tablo 5. Tho start of a numoric oporation is 
accomplished vvhon tho CPU exocutos tho ESCAPE 
instruction. The instruction may or may not identify a 
memory operand. 


The CPU does, hovever, distinguish betvveen ESC 
instructions that reference memory and those that 
do not. If the instruction refers to a memory operand, 
the CPU calculates the operand's address using any 
one of its available addressing modes, and then per- 
" forms a "dummy read" of the vvord at that location. 
(Any location vithin the 1M byte address Space is 
allovved.) This is a normal read cycle except that the 
CPU ignores the data it receives. If the ESC instruc- 
tion does not contain a memory reference (e.g. an 
8087 stache operation), the CPU simply proceeds to 
the next instruction. EN 


An 8087. instruction can have one of three memory 
reference options: (1) not referance memory, (2) 
load an operand vrord from memory into the 8087: or 
(3) store an operand vvord from the 8087 into memo- 
ry. If no memory reterence is required, the 8087 sim- 
piy executes its instruction. If a memory reference is 
required, the CU uses a "dummy read" cycle initiat- 
ed by the CPU to capture and save the address that 
the CPU places on the bus. If the instruction is a 
load, the CU additionally captures the data vvord 
vhen it becomes available on the local data bus, If 
data required is longer than one vvord, the CU imme- 
diately obtains the pus from the CPU using the 
request/grant protocòl and reads the rest of the in- 
formation in consecutive bus cycles. In a store oper- 
ation, the CU captures and saves the store address 
as in a load, and ignores the data vvord that follovs 
in the "dummy read". cycle. VVhen the 8087 is ready 
to perform the store, the CU obtains the .bus from 
the CPU and viites the operand starting at the spoc- 
ified address. 


Numéric Execution Unit , 


The NEU executes all instructions that involve the 


register stach, these include arithmetic, logical, tran- 
scendental, constant and data transíer instructions. 
The data path in the NEU is 84 bits vvide (68 frac- 
tions bits, 15 exponent bits and a sign bit) vhich 
allovs internal operand transfers tò be performed at 
very high speeds. 
Li Li 
VVhen the NEU begins executing an instruction, it 
activates the 8087 BUSY signal. This signal can be 
used in conjunction vvith the CPU VVAIT instruction to 
resynehronize both processors vvhen the NEU has 
completed its curront instruction, 


Register Set 


The CPU - 8087 register set is shovn in Figure 3. 
Each of the eight data registers in the 8087's regis- 
ter stach is 80 bits and is divided into "fields' corre- 
sponding to the 8087's tamporary real data type. 


At a given point in time the TOP field in the control 
vord identifies the current top-of-stach register. A 
"push'' operation decrements TOP by 1 and loads a 
value into the nev top register. A "pop" operation 
stores the value from the current top register and 
then increments TOP by 1. Lite CPU stacis in mem- 
ory, the 8087 register stach grovs "dovn" tovard 
lovver-addressed registers. o 


Instructions may address the data registers either 
implicitiy or explicitiy. Many instructions operate on 
the register at tho top of the stacx. These instruc- 
tions implicitiy address the register pointed to by the 
TOP. Other instructions allovv the programmer to ex- 
plicitiy specify the register vvhich is to be used. Ex- 
plicit register addressing is "top-relative.'" 


Status VVord 


The status vvord shovn in Figure 6 reflects the over- 
all state of the 8087: it may be stored in menfory and 
then inspected by CPU code. The status vvord is a 
16-bit registor divided into fields as shovn in Figure 
6. The busy bit (bit 15) indicates vvhethor the NEU is 
either executing an instruction or has an interrupt 
request pending (B- 1), or is idle (B-0). Several 
instructions vhich store and manipulate the status 
Vord are executed exclusively by the CU, and these 
do not set the busy bit themselves. 
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2. OVERFLOMY: The result is too large in magnitude ize (Shift right) the fraction until the exponent. in 
to fit the specified format. The 8087 vili generat range. This process is called gradual undertlovy. 
masa Ag fOr infiiy it this exception ie S. DENORMALIZED OPERAND: At least ong of the 
masted. Operands or the result is denormalized: it has the 

3. ZERO DIVISOR: The divisor is zero vehile the divi- smallest exponent but a non-zero significand. 
dend is a non-infinite, non-zero Number, Again, Normal processing continues if this exception is 
the 8087 vil generate an encoding for intinity if mashed ort, 
this exception is mashod, 6. INEXACT RESULT: If ha true resultis not exactiy 

4. UNDERFLOVY: The result is non-zero but too representable in the Specified format, the fesultis 
small in magnitude'to fit in the specified format. I. rounded according to the rounding mode, and this 
this exception is Mashed the 8087 vil denormal- tlag is set. If this exception is mashed, processing 


ABSOLUTE MAXIMUM RATINGS: . 
3 h i I NOTICE: This is a roduction data sheet, The specifi- 
Ambient Temperature Under Bias ....,, OC to 70C (ora are súbleciia change vithout notice, 
Storage Temperature ....,..,.. —e65S'C to 4 150:C "MVARNING: Siressing (he device beyond the "Absolute 
Voltage on Any Pin vith Maximum Ratings" may cause permanent damage, 
Respectto Ground.............. —1.0V to 4 7y These are stress ralings only. Operation beyond tha 
"Operating Conditions'" js Not recommended and ex. 


Povyer Dissipation,......,,uu, Qu u,, a 3.0 VVatt lended exposura beyond the "Operating Conditions" 


D.C. CHARACTERISTICS 7, - oci, TOC, VeG s 5V 454 


Symbol Parameter Min Test Conditlons 
Vi. Input Lovy Voltago ur 05 ua hi : CS si 
put High Voltage NET Lvectosd v 
Output Loyv Voltage (Note 8) 0.45 V loL 5 2.5 mA 
Output High Voltage 1 2.4 . se cs M loH S —400 pA 


Povrer Supply Current IL 475 mA TA S 25'C 
Input Leatage Current 10 pA OV S ViN S Veç 


Output Leatago Current 10 na 1 TA S 25:C 
VeL Cloct nput Lovç Voltaga L 06 Dv. 
LVeu Clocle Input High Voltage 3.9 
CETT um 
Cio Capacitance Of I/O Butfer 15 PF 


(ADO-18, Aig-Ajg, BHE, S2-S0, t hi 


RQ/GT) and CLIC : 
—b—bél RS 

Capacitance of Outputs fes 1 MHz 

BUSY INT 
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A.C. CHARACTERISTICS'fA — 0'C to 70'C, Vec € SV 15900 — $ 
TIMING REQUIREMENTS 
T 
Sutibsl Parameter 8097 808772 er Es 7)/1 Units Í'Test Conditions 
I Mini Max MinlMaxl Min j Max i 
rere. CLE Oycle Periodg 200/ 500 has 500 300 500 I ns 
TCLCH — ÍCLX Lou Time 118 cel 53 ns i 
TCHCL —(CLX High Time le 44) 39 ns ll 
TCH1CH2 J CLR Rise Time 10 10 15 ns I From 1.0V to 3.5V 
TCL2CL2. Í CLX Fall Time 15 Í ns lFrom3.5V to 1.0V 
TDVCL  :Í Data In Setup Time 30 : (i: i 
TCLDX Data in Hold Time 10 ns 
TRYHCH ( READY Setup Time 118 ns 
TCHRYX l READY Hold Time 30 ns 
Es READY Inactive to CLH (Note 6)/ —8 -8 —10 Es ns 
IravoH RQ/GT Setup Time (Note 8) 30 15 15 ns L 
TCHGX —.J RQ/GT Hold Time 40 30 20 ns 
TQVCL JQS0-1 Setup Time (Note 8) 30 30 30 ns 
TCLQX — JQS0-1 Hold Time 10 10 5 ns 
Status Active Setup Time 30 30 30 qi ns do 
Status Inactive Setup Time 30 30 30 ns EI 
TILIH El Rise Time (Except CLR) 20 2011 - 20 ns J From 0.8V to 2.0V 
TIHIL Input Fall Time (Except CLHR) 12 Tel 1 15 j ns TE 2.0V to 0.8V 
TIMING RESPONSES 
Parameter 0987 80872 Í GeoNote7) lUnite). Test Conditions 
i Min I Max ( Min j Max j. Min j Max 
Command Active Delay 110/0/ 35/70) 10/0 95/70Í. 10/0 35/70) ns JC, — 20-100 pF 
(Notes 1, 2) hi LS Li for all 8087 Outputs 
TCLMH Í Command Inactive Delay) 10/01 35/55/ 10/0135/55Í 10/0 (35/70) ns Jn addition to 8087 
(Notes 4, 2) self-load) 
TRYHSH I Ready Active to Status ET 65 45 ns 
Passive (Note 5) 
Status Active Delay 10 J 110 j 10 60 10 las ns 
Status Inactive Deolay 10 l 180 J 10 70 10 55 ns 
Address Valid Delay 10 J 110 J 10 60 10 55 ns 
TCLAX l Address Hold Time Dol 10 10 ns 


EL REL. 
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intel 8087 
x , À 
A.C. CHARACTERISTICS TA 5 OC 10 70'C, Veg £ 5V 4594 (Continued) 
TIMING RESPONSES (Continued) 
8087-41 
— —-hSymbol Parameter. 8087 8087-2 led Note 7)jUnits) Test Conditions 
4 el Min (Maxi Min TMaxi Min qlitar J 2 
TCLAZ Address Float Delay TCLAXÍ 80, TGLAX) 50 (TCLAX 45 (ns fou - 20-100 PF. 
i i for all 8087 Outputs 
/ 
TSVLH em EE to ALE High 15/30 15/30 15/30). ns (in addition to 8087 
. 1 self-load) 
TCLLH (OLI Lovto ALE Vaig 15/30, 15/30 15/30) ns lelHload) 
(Notes 1, 2) $ Ú 
TCHLL (ALE Inactive Delay 15/30 15/30 15/30). ns 
(Notes 1, 2) 
TCLDV (Data Valid Delay di 10 110 10 60 3) 10. i 50 ns 
TCHDX ÍStatus Hold Time Lo 10 Lo las is 
TCLDOX (Data Hold Time 10 10: 2 10 1 ns 
TCVNV (Control Active Delay 5 45 5 45 Cs 45 (ons 
(Notes 1, 3) L. 
TCVNX (Control Inactive Delay 10 45 10 45 T 10 45 ns 
(Notes 1, 3) 
TCHBV BUSY and INT Valid Delayl.— 10 150 10 85 10 65 ns 
TCHDTL JDirection Control Active 50 50 50 (ns 
Delay (Notes 1,8) - 
TCHDTH Direction Control Inactive 30 30 30 (ns 
Delay (Notes 1,3) 
TSVDTV STATUS to DT/R Delay 0 30 0 30 J, 0 80 ns 
(Notes 1, 4) 
TCLDTV JDT/i R Active Delay 0 55 0 ES 0 55 ns 
(Notes 1, 4) : 
TCHONVIDEN Active Delay 0 55 0 s5'J o 55 (ns 
(Notes 1, 4) A 
TCHDNXIDEN Inactive Delay 5 55 5 55 5 55 ns 
(Notes 1, 4) 3 
TCLGL RQ/GT Active Delay 0 85 0 50 0 38 NS (CL 40 pF (in 
(Note 8) addition to 8087 
$ TOLGH IRQ/GT InactveDala,— TG SS La Pot o T as Te Jsahiona) i 
i 4 TOLOH Output Rise Time 20 20 15 ns JFrom 0.8V to 2,0V 
d TOHOL jOutput Fall Time 12 12 12 P ns lFrom 2.0V to 08y 
dE 
É NOTES: i 
ha 1. Signal at 82844, 8288, or 82188 shovn for reference ony. 
$ 2. 8288, timing/82188 timing. 
L 3. 8288 timing. 
"hi 4. 82188 timing. ge ds qpbiren 
Es S. Applies only to Tg and Vait states. ú 
$ 6. lies onty to Ta State (8 ns into Tg). 
1 7. IMPORTANT SYSTEM CONSIDERATION: Somo 8087.4 timing Parameters are constrained relative to the Corresponding 
i 8086-1 Specifications. Therotore, 8086-1 systems incorporating the 8087.1 shouid be designed vvith tha 8087-1 specifica. 
L tions, 
3 8. Changes since last revision. 
Ed t 
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M5L8282P/M5L8283P 


OCTAL LATCH 


gSCRIPTION 


P and M5L8283P are semiconductor integrated 
sisting of sets of eight 3-state latches for use vvith 
ses ol microprocessors. 


pat 


PIN CONFIGURATION (TOP VIEVV) 


FEATURES 


ve migh-fanout output (lo, J2MA, los 
over dissipation 


. 
DATA INPUTS 


degcgism 


4PPLICATION 


-ça vsnes fot various microcomputer systems 


FUNCTION 


ng V:L8282P and M5L8283P are latches vith non-inverted STROBE INPUT 
me "verted OutputS, respectivelY. 

Amen (he strobe input STB is high, the data inputs Dig— Outline 20P4 

y ve passed through the data outputs DO, — DO7 

vaL3282P) or to the data outputs DOg— DO, (M5L8283P), 

denges in he Dlo-- DI, signals being retlected in the data 


ats 
4'me STB is changed from high to lov, the data Dlg— DI, 


Let belore the change is latched. If the DI data is changed DATA INPUTS 
ese STB is lov, this change is not reflected in the data 
mts 
duen OÉ is made high, all the data. outputs go into the 
gumpedance state, the data latched prior to OE going 
gp peing held. 


dESCS SN 


o 
2 


BLOCIC DIAGRAM 


DATA INPUTS DATA INPUTS 
DATA OUTPUTS 


STROBE INPUT 
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M5L8282P/M5L 82835. 


. Ulesi òthorvine noted) 


Conditions 


RECOMMENDED OPERATING CONDITIONS (1, 


MO—7SU, unioss othonvise noted) 


ICAL CHARACTERISTICS 4 Tar0- 


TSU, unless othonvisa Noted) 


Parameter Tost conditions 
es 
High-level Input voltage 
Lovr-level mput vottaga i 
Input clamp voltaga Í Vot, 5V, ge —S mA l 


High-level output voltage 
Lov-levol output voltage 
1 Oft-state Current, high-level 
EL Output current, higi 

lor Ot 


LVect.5V, ora ima 


Vec 4. SV, log 32mA 
Mpplled lo Ia output l Veg. 5V, Vie2y, VorS, 25V 
a OutpUt Current, lov-lovel applled to hg output 


Vec m5. SV, Vim 2V, Vor0, 4y. 


TR High-lovel input current Vec m5. SV, Ve 5, 255V en 
he Lov-lovel Input current Vec 5. 5V, Vi, 85V 
rs SuPoly current Vecmi, 5V 
h t 
FeIMHT, Vanra2 SV 
Input caps 'tance fei 


Vecm5V, Tam2St" 


Umita i 
Po tmbo . conditions 4 T H 
i Ma OT El Ma ÒO Ma 
4 Propegation time from DI input to DO 4 i i H i , 
El 01 DO for tove-to-hIgh or high-lo-toy L'Rgey CE 303 5 db oa 
EL change 
i Propegatlon time trom STB input to l 3 i i 
PA DO or DO tor lov-to-high and high. — 1 Tanoy 10 P8 Lo do, 40 ions 
mels to-lovr change : fiadhi . i l LL 
iNote1) - CEE Pere) 
teze i Propagation time from SE Input to DO L (6 3 I ió ió EA 
ton Lot BO output vhen Output is enableg — :. lEvov 
j 
t i Propagatlon time from OE input to DO 
me 9r DO Output vvhen the output is dis. Tenoy 5 18, 5. Hi 18 ns 
L PES abled I ' cs 
T 
i : From 0. 8V ' 
t i Output rise time Toro 14627 20 pe 
j Ec i 
t I Output tall time 
i 
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M5L8282P/M5L8283P 


OCTAL LATCH 
TIMING REQUIREMENTS (veer5V21096, Tae0-15T . unioss othenvise noted) 
I T po Alomate — j Units 
Smmbal i Parametor I Test conditions Unit 
i l symba Min Tp Max 
teisren) i Strobe STB high pulse vidih lTagat j 15 ns 
di. 
teú Strode STB setup time for Die—OI, live: 0 as 
th i STB hold time tor Dig—DI, is ls ne 
te Input ríse time Í 20 ns 
t i 'Input fall time Ei ns 
Nate 1 : Test Circuit 


Noe 2: 


INEUF Vee o OUTPUT TESTITEM  J true tom 


LOAD CIRCUIT 


TIMING DIAGRAM (Rotorenco vottagoet.5y) 


'PRECAUTIONS FOR USE 
Care should be taxen to accommodate the glitch that ts 
Generated vhen STB goes from lov to high veith the output 
love tor the M5L8283P. 
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8086 and 8038 Data Sheets C-31 


PRELIMINARY 


D.C. CHARACTERISTICS FOR 8284 
Condiions: T, z 0'C to 70:C: V, 


R SV a 104 


Symbol r Mn lo Mar LU ps Test Conditions 
le I. Formard Input Current P 05 o mA ÍV, 2 045V ds 
ta Ravarse Inpul Current a A ÍVac 8 25V $ 
Ve i. Íput Foreara Clamp Voltage 0, V ies -SmA 7 a 
lec i. Povver Suppiy Current MORO mA 
Va i Input LOVI Voltage : 08 Dv Veg: sov 
Vi i. Inpul HIGH Voltage - 20 VO Veca50V 
Vina Resol Input HIGH Vola OO 76 Tec: 50V - 
Va, i Outpul LOV Voltage 045 OT y S5ma È 
Von i Output HIGH Voltaga CL 4 VO dema 
È Other Oulputs 24 v - ImA 
Via Via — RES Ingut Hysteresis sega SON 


A.C. CHARACTERISTICS FOR 8284 
Conditions: Ta z O"C to 70'C, Veç s SV 2 1089, 


TIMINO REQUIREMENTS 


CTE DN TI 


TCLArx 


CSTNC Man 


RES mig lo CLR 


TIMING RESPONSES 


Can Crcie Perye 


A Migr Lme 


Tomicna 7 - 
decir lo CURAna 0r Fall Time 
PCLR tuign Time 
PCLX Lom Time 


EE 


nt ia Ò Es 


"CLcL 


2 Sat u0 and hola Onty necestan 10 Quarantes tecogamtion at nent coca 


3 Aootes oaty lo T3 and IV states 
4'Apomes OnIy lo T2 siates 


3 he) 

" 

ae M 
El om 
om 

i uo P 

n me 

no boom 

poe Lo 

Lo Bon Do cà 


Fig J4 Eng d 


Fig JA Fig 4 


10V to 35V 
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8284 


D.C. AND OPERATING CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS" 


Temperature Under Bias .0'C lo 70'C 

Storage Temperalure. - -65'C 10 4 150'C 

All Qutput and Supply Vollages........ — 0.5V lo 4 IV 

All Input Voltagas. Le NQV tO 4 55V 

Povver Dissipation 4 1 vyatt 
t 


8284 PIN CONFIGURATION 


"COMMENT Siressa3 a0Ove Inose Usted unger "AO3olvIe Marmym 
Raungs" may cause Dermanont damage to Iho Gevice Th3 13 4 ates3 
taUng onty ana lunctionel operation ol Ine gevice al Inese Of any Olher 
conditone above ino3€ indicated in ine operationat sections of ts 
soecilication is notimoneg Exposure 19 absolute MariMUm (EU Con 


anions tor extendeg patiod3 may alteci gevi aoty 
Ll 
8284 BLOCX DIAGRAM 


la rea 


n 
a 


ROYI, 
R0Y21 
REI 


RES RESET INPUT 


d Yec a $ VOLTS 
GNO — OVOLTS 


8284 PIN NAMES 


CONNECTICNS FOR CRISTAL 


TANR USEO MITH OVERTONE CAYSTAL 
Fic CLOCR SOVACE SELECT 
EF EXTERMAL CLOCR INPUT 
CSTNC CLOCR SYNCHRONIZATION INPUT 


READY SIGNAL FROM TO MULTIBUS'" SISTEMS 


Réxài ADORESS ENABLEO QUALIFIERS FOR ROYI2 


RESET SINCMROMIZEO RESET OUTPUT 
OSC —OSCILLATOR OVTSUT 

CL MOS CLOCA FOR THE PROCESSOR 
PCLR TIL CLOCR FOR PERIPMERALS 
REAOY. SYNCMRONIZEO READY OUTPUT 
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8086 and 8088 Data Sheets 
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3 PREVIMINARY 


ABSOLUTE 


Temperalute Under Bias, 


Slorage Tempei 
All Qutput and 


Pover Dissipat 


All input Voltages . 


MAXIMUM RATINGS" 
0:C o 20:C 
tature . -865'Clo 4 150'C 
Suoply Voltages —05VIo 4 1V 
3 —1OVI0 45.5V 
ion 1vVan 


'NOTICE: Siresses above tnose listed. under 


VAbSolute 


Maximum Ratings" may cause permanent damage 10 ne 
gevice. TMs 15 a sitess taling only and lunctionel operation ol 
Me Gevice at Ihese or any other congitions above Ihose 
imgicated in the operational sections ot his specitication is 
not impueg Exposure to absolute maximum ratiag conditions 


lor ertengea periocs may allect gevica reliability. 


i , 
D.C. CHARACTERISTICS (T, z 0'C 10 70"C. Veç 2 5V 2 1059) 
Symbol Paramator Min. Max. Units (Test Conditions 
P Formar put Current (ASYNC) 193 Poma Ves 0.45V 
Other inputs -05 mA Vi z O.45V 
El Reverse Input Current (ASYNC) 50 pA Vaz Vec 
Other inputs 50 pA Vaz 5.25V j 
I Ve Input Forxard Clamp Voltage -10 v igs -5mA 
lec Povver Supply Current 7 1 162 mA I 
Vi TT inpat LON Voltage 5 08 EE 
Vi lnput HIGH Voltage 20 v 
Viva Reset Input HIGH Voltage Ges do v 
Vot Qutput LOVV Voltage 045 v SmA 
Vi Oulput HIGH Voltage CLR a T v Cima 
Mes, Other Outputs 24 v - mA 
Viu" Viu RES Input Hysteresis 025 v 
A.C. CHARACTERISTICS (Ta 2 O"C to 70'C. Vçc 2 9V 2 109) 
TIMING REQUIREMENTS 
Symbol Parameter Min. Max. Í Units (Test Conditions 
lEMEL External Frequeney HIGH Time 13 Tons 
lELEH External Frequency LOYV Time 13 ns 
L'lever EFI Period tenen, t leLEn t € i. ns (Note 1) 
XTAL Frequency 12 25 MHz 
tAsveL ROY1. RDY2 Active Setup to CLR 35 ns ASYNC z HIGH 
lLiasven RDY1, ADY2 Active Setup to CLR 35 3 ns l'ASYNC a LOM 
inver ROY1. ROY2 Inactive EE 
Liga LL ROY1, ROY2 Holg to CLR 0 ns 
tarveL ASYNC Setup to CLR i 50 sl ns 
tcLaYx ASYNC Hold to CLR 0 ns 
taivArv AENi, AEN2 Selup to ROY1, ROY2 15 Ls ns Tl 
teu RENi, AENZ Hold to CLR 0 ns 
tren CSYNC Setup to EF1 x das 
ten CSYNC Hold t0 EFI 20 ns 
Mt CSYNC High 2'erer É. ns 
limct AES Selup to CLR 65 ns (Note 2) 
teu J. RES Hold to CLX 20 ns (Note 2) 
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, 8284A PRELIMINARY 
L 4 , 
PULSE LOAD 
GENERATOR (SEE NOTE 2) 
TRIGGER 
PULSE 
GENERATOR 
LO40 4 
(SEE NOTE 2 
Ready to Cloct (using EFI) 
TEST 
POINT LOM0 
Q ec 
i ALL DIODES 1N3064 
8009 OR EQUIVALENT 
FROM OUTPUT 
UNDER TEST 
EL 
(SEE NOTE 3) 
Test Load Measurement Condition 
NOTES: 1, Ca a 100 pf 
2 Cuca JOpF 
4. CL INCLUDES PROBE ANO JIO CAPACITANCE. 
LJ è 4 
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M5L8286P/M5L8287P 


OCTAL BUS TRANSCEIVER 


'DESCRIPTION 

The MBLB286P and M5L8287P are semiconductor integrated 

cirouits consisting of a set ot eight 3-state Output bus trans- 

.Colvers for use veith a varlety ol microprocessor systems. 

FEATURES : 

0 3-state, high-tanout outputs (lo, ee 16mA, lou F —ImA for 
the A Outputs and lo, " 32mA, lou FE — 5SMA for the B 
outputs) 

x O Lov pover dissipatlon 


PIN CONFIGURATIONS (TOP VIEVV) 


LOCAL BUS 
DATA 


SYSTEM BUS 
8, f OATA 


d98C SIS 


' APPLICATION 


Tvvo-vray bus transcelvers for microcomputer systems 


OUTPUT 
ENABLE iNPuT GNO 


FUNCTION 
The M9L8286P and M5L8287P are tvvo-vay bus transceivers 
veith non-inverted and inverted Outputs respectively. 

Vvhen the output enable input OE is high, the local bus 
data pins Ag — A, and System data pins Bo — B, are both 
placed in the high-impedance state. 

Vihen the output enable input OE is lovv, the. input and 
Output states are controlled by the transmit input T. 

VVhen T is high, Ao—-A, are input pins and B9--B, are out- 
put pins. VYhen T ls lov, Bo— B, are input pins and Ag— A, 
are output pins. 


Outline 20P4 


4 
2 


LOCAL BUS 
DATA 


t 
3 


SYSTEM BUS 
DATA 


dL8Cg SIN 


A A a 


Outline 20P4 


BLOCR DIAGRAM 


SYSTEM BUS 
DATA 


i te Je, i 
I 
LOCAL BUS)j A Ú ia i LOCAL Dl L 
SYSTEM BUS DATA 
DATA B, OA i 
5 i I 5 


Drs Pl 
i R j i DE XI 
v dE) 
' 
OUTPUT ENABLE 
INPUT sò 


M5L8286P 


QUTPUT ENABLE 
1)T TRANSMIT INPUT INPUT' 
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M5L8286P/M5L8287P 


OCTAL BUS TRANSCEIVER 


FUNCTION TABLES iNote 13 
V5L8286P M5L8287P 


A 8 GE 7 A 8 


Neta laput PM 
O. O : Output pin (non-inverted for the M5L8286P and 
inyerted for the M5L8287P) £ 


Z'Indicated the high-impedance state (A and 8 are 
separated) 


X. Either high or lov 


ABSOLUTE MAXIMUM RATINGS (ra-0-z3t. 


unless othenvise noted) 


Lima Patameter ' Conditlons i Ratings lo Unit 
Ve Suppiy votago re —- - i 0.547 L v 
Input voltage 1 I —O, S—4-5, 5 H v 
Output voltage —O. S—Vec Dv 
— Operating reg-alr tomparature range - sa ei) Os — pot I 
a Siorage temperatura range i I 93 


RECOMMENDED OPERATING CONDITIONS (rav0-25C , uniess othenvise noted) 


re , í Limits j Ei) 


Parameler 


r— Unit 
l i LoMa j Nom P Mar 
pe i Suppiy votage 45: 51 55 v J 
65, : 
I ' High-level output 4 LA output I 0 pet i 
jle i i Von22.4V - de Poma 
: i current i l 8 output 0 Les) 
i " Lovelevel output LA Output À 0 lo a6j 
Es, h EVocs0. 6y De gencia : mA 
' current i . B output 0, i 32 j 
ELECTRICAL CHARACTERISTICS (TarO—ISU , untoss ohemiso noted) 
Er : 
Smal 1 Paramator i Test conditions —— Unit 
É ' I Min Typ 
Va i High-level Input voltage L El h LA 
T I 
A Input 0. 8 
Va l Lov-tevet input votaga da : v 
La I B Input l 0.9 
Ve ad Input clamp voltage lVecret SV, ge ma Let v 
i A Vece4, 5V, loua—i 2.4 v 
Ven ÍHigh-level output voltago en i ar imà 
Leal H - 8 output Vec m4. SV, lo m —SmA J 2.4 v 
I A Output i Vegm4.5V, le 0. 45 v 
Yo il Lom-loval output vottage les GE em 
l i B output Vece4, 5V, lo, me 32mA 0.45 v 
i i Off-state output current mth high-level. lA output Vec m5, SV, Vim2y Vi 0, 8V "so A 
EE La0pt09 at ho ope 8 onpt —j Vgm5.25V 1 L 
Ofitato opi current mt ton-loyel LA apar (Vert, 5V, Vem2y 
ton j rea) —0.2 ma 
fes ij 3PPled the Output Ra Vor0. 45V L. 
ai lHigh-lovel Input current VecS. SV, Vim5, 5V El MA 
Le Lon-level Input current Vec m5. SV, Vim0, 45V mA 
M5L8288P 
te SupPPIy current Melrons cs 1 VicmS. 5V 
J M5L8287P 
FMIMH2, Veuam2. SV 
Ca Input capacitance era 
Vecm5V, Tam 25 
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OCTAL BUS TRANSCEIVER 


SVVITCHING CHARACTERISTICS (Vecr5V2 1096. Taz0—75C, untess omonvise noted) 


i MSLB287P 
Alternat Test — 
Symbol Paramotor See Si ni Unit 
symbal conditions F 7 
lo Ma j To io Man 
És Lov-leyol lo high-level and i 7 si É 
Li high-lovol and lov-level i i 
te transition time from input A. TIVOV I si 80 Pons 
B to Outputs 8, A i i i y 
IE Output enable time trom OE i Saps H i i 
an i 
i 0: ni 
ter l'inputto A or B tut TELOV io i 3 $ 
tonz Output disable time from OE I i H i i i 
Es i 8/1 
ne put 10 A or B output TEHOZ 3 5 i 18 5 i i i ns 
L sr pe Ets 
tv Output isotme ToLo4 l al i l om au do ms 
9) H ' H j 
t t —— : 
From Vi I i I 
t Output taliti i I L i to 12 s 
f 44 me TOHOL Go poni i ba 
mé i 


TIMING REQUIREMENTS (Vocre5V2:1096, Tam 0—5T . unless othenvise noted) 


er T 
Altomate I Limits 
Smba Parameter Tost condilions Dec: mi Unit 
i Symbol TP Mar H 
teu T setup time vith respect to OE Tryee 1 ns ' 
th T hold time vth respect to Terry ns 
tr Input risetime Mu From 0, 8V to 2V h 20: ns 1 
t Input falltime ET " From 2V to 0. 8V. 12: ns i 


Note 2: Test Circuit 


INPUT Vec OUTPUT 

Q É 

ECA 

DEVICE l ton i 

UNDER set mea 1 

TEST N 1 

i so i (Note EU 

y 

Ll Ll LI 
Liseasd 


Test Item ter tem 


tu. tn tonz. logn 


es (3 
i T i 
qua i66n i A 
A QUTPUT LOAD CIRCUIT i h 
A QUTPUT —i A QUTPUT —— A OUTPUT i 
i I i 
IC 100pF den — 
F Ap 000F . EC 1000F 
ds nm " q 


B OUTPUT LOAD CIRCUIT 


BOUTPUT —i diuen d 8 OUTPUT —a i 
i À 
LC 300or rer ner — j 
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ABSOLUTE MAXIMUM RATINGS" 


Temperature Under Bias d'Clo '0'C 
Slorago Tamperalure, . -65'C lo 4 1580'ÇC 


'NONCE Stresses abgve tre Med UGA: Ab401ute Manmum Ratngs 
May CAVA DarmANANI damaga lo Na Gevice TRigita atrets ratingoniy ena 
tunctonat operation ol Ine device at ihose 0r any other Conditions dbove 


All Output and Supply Voltages EOI EO mgeaiodics ala ielacnnomt tallers at mira Melcior 
All Input Voltages NOVIO 8 5.5V imonea Exposure to a01anvte manimum rating condilions fot estances 
Pover Dissipation 1 VValt DatO03 May alteci devec: 
4 L 
D.C. CHARACTERISTICS FOR 8286/8287 
Conditions: Vec s $V 11094 0 Ta m oc to 70'C 
4 ós T Units 


Canut Clamp Voltage I 

Povser Supply Current - 8287 i 
—8286 i 

Fora inpui Curteni i 

Roverse Imput Current i 

Output Love Vollage —B Quiputs i 
—AQuiputs 

Output Hign Voltage —B Outputs Po 24 
—AOutguts, Ll 


Ouipui Ot Current SAN 
Output Otl Current 


Input Love Vottage 


mmput, Hign Voltage 


Ci Input Capacitance i 


NOTE: 1 B OutOuts — "gu £A2MA gua - 5 MA, C, dX09F, A Outuis — lgy 8 16MA, Iu t - IMA C, 8 1000F 


A.C. CHARACTERISTICS FOR 8286/8287 
Conditlons: Vec s SV 11016, Ta 2 O"C to 70'C 


Loading: B Outputs — lo, : 32 mA, lou 
—A Outputs — lo, € 16 mA, lou 


Parameter 


Test Conditions 


OV. See Note t 


i s 5.0V, See Note 1 
se Eeis a l ss ei ls 
Da Li 
mn oF Vaias 5 2 SV, Veç 3 SV 
I Li i T 25'C 


Test Conditions 


Input to Qutglt Delay 
Inverting 
Non-nvert 


TranemitiReceive Sel up 


- Output Oisable Time 


Output Enadle Time 


(See Note 1) 
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Gurrers Y EES A I 

Es ELL Vore tv i 

ae am QR i 

X i 

È 
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NOTE: 1 Al Uming maasurementa are Ma0€ at "$V uniess Oinaneise noleg 5 

8286/6267 Timing i 

i 

se i 
g v 
z 2 
i : 
8 3 

i 

i 

hg 

' 

i 

Es d 

Tele i 

of 1040 ot 1040 í 

Output Delay vs. Capacitance H 
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i 
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È 
L 
É 
t 
i 
ç 
É. 


Mil SUSISH LSÍSs 


M5L8286P/M5L8287P 


TIMING DIAGRAM (Reteranco voltage 1 SV 


I 4 BINPUTS) GE 
i 
i u5L8286P 
i 8 A.OUTPUTS) s'algureun 
i 
' M6L8287P ' 
8 ACOUTPUTS) OE 
mn, tsu 
DE T 
i 
Llom 
8. ALOUTPUTS) 2.0y 
t 


APPLICATION EXAMPLE 


COMMANO BUS 


1.MEGA BYTE, 
ADDRESS BUS 


Raó, 


' DESCRIPTION 
The M5LB2885S ls a semiconductor Integrated circuit consist- 
vg ot a bus oontroller and bus driver for the 8086 and 8088, 
H6-bit-microprocessors. By using the status algnals from the 
CPU a Muttibus (Intel trademari) control signal is gener- 
ated.. . 


EE UES 
e High-fanout outputs 
Command output lo, "e32MA, lon  —SmMA 
Control'output lo, et 16m4, loure —ImA 
e Advanced command outputs (AIOMVC and AMVVC 
outputs) 
e Lov pover dissipation 


APPLICATION 


Bus controller and bus driver for maximum mode operation 
ot the 8086 and 8088 


FUNCTION 
The M5L8288S is a bus controller and driver tor maximum 
mode operation of the 8086 and 8088 processors. 

The command i signals and control signals are decoded 
by means of the Som Se outputs from the CPU and the con- 
trol signals for //O devices and memory are output, 

The device can be used in the Multimaster mode in 
vehich several CPUs acting as masters are connected to one 
data bus. An Input pin for the control signal AEN from an 
8289 bus arbiter is provided. 

By using the MS5L8288S as a bus controller, a highper- 
formance 16-bit microcomputer system can be configured. 


BLOCR DIAGRAM 
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BUS CONTROLLER FOR 8086/8088 /8089 PROCESSORS 


PIN CONFIGURATION (TOP VIEVV) 


(24. veetsv) 


z 
a 
ai 
Q 
LS 
È 


Outline 2051 


STATUS INPUTS sc i DE COLER 


COMMANO 
SIGNAL 
GENERATOR 


Do MROC MEMORY READ COMMAND QUTPUT 


LiRoe ADVANCED MEMORY VVRITE / 


TR) AMVIC COMMAND QUTPUT 
GB) RRTG VEMORY HRITE COMMANO QUTPUT 
—— () IOC 1/0 RITE COMMANO OUTPUT 
AOVANCED 1/O VVRITE 
QRONT ÒMMANS OUTPUT 
—— OAC 1/0 REAO COMMANO OUTPUT 


LO OT/R DATA TRANSMIT/RECEIVE QUTPUT 


coNrRot F—QO LE 17 DATA ENABLE OUTPUT 


GENERATOR l—ÚD)OEN " ADRESS LATCM ENABLE OUTPUT 


MASTER CASCADE EXABLE VuTPUT 
MCE/PDEN senipuERAL DATA ENABLE OUTPUT 


ta) : MITSUBISHI 
ELECTRIC 


i COMMART 
lOureu:s 


—) INTA INTERRUPT ACRNOVVLEOGE 
emee COMMAND OUTPUT i 


4 CONTROL 
i QUTPUTS 
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BUS CONTROLLER FOR 8086/8088 /8089 PROCESSORS 


to Mmput ot 4 
Name da Ps Functions 
vo OUtput 4 
È i i Tosa are comocied lo ha GPU status output Des, 
7, Sa ÍSiatus input Eo Mmput i The MSLB288S usos ihese signals to gonerate ihe proper Uming command signals and control signals. 

: i All pins are provided viith internal pull-up resistors. 

i Used to connect the clocx generator M5LB284AP clocx outout CLX. 
i Cloci input laput i i i 

hs All outputs ol he M5L82885 change in synchronization vith the clocx input. 

i i Í Provides the atroòe Mgnal output lor the address latches, 
I LI 
i i This pin is connected to the STB pin ot the M5L8282P or M5L8283P and used to latch the address from the 
lAdoress latch enable i Output j 9PU. Ven using any other addross latch, the tolloving conditions must be satistied. 
i output I 1. The enable input must be active high. 
l i 2. Dala reading ls alvays portormed vila the enable input is high. 
i i 3. The latehing operatlon is pertormed as the enable input goos from high to lovv. 
ta mall i Gin j Prodides te dela enable signal for tho local bus or a data transcaiver on ho system bus. 
l i Operates in active high moda. 
i Controls the lloy of data botveen CPU and memory or poripheral I/O devices. 
j Data transmit/receive. j Output l'0 this pin is high, the CPU can vrito data to ho pariphoral dovices. VMon 1t is lom, it can read data 
control output i trom the portphoral devices, 

Mt connocted o tna tranemit ingut T ot ho MSLB2BGP or MSLEZ87P bus transcolvors. 

j vmen ho 1OB Input ia lo and bo AEN in Input le set to higà, ad commend oumputs are put la ba Mign- 

Impodance stata, YMon the IOB Input ls high, there ls no effect on Me iOVVC, AlOVP dINTA at. 

Adóress enable Input laput acers 8: ents pot ES Digt n9 en the IORC, PC, and 


Command onable Input 


Input 


Puts, the command output olhar than thase our golng into the high-impedance stata. 
Nona ot the command cutputs vill 90 lov untit st inast 11504 mor AEN 


Input/output bus mode 
Mmput 


Advanced I/O vertta 


Tren Bis pia tio Ni me MSLEZRSS tvactiona ha he 1/O bue mode, and vien sot Tor Tiyncsona in 
Mo Em Ba moga. Om 1/O bus moda and aystom bus modo are described in he functional 


lesues an 1/O Vila Command eartler In ho machine Cuca i to Oiva /O dovices an 0aty indicar 


o 
command output VP I on ai a vrite Inatruction ha tming le tho same as a road command signal. Active lov. 
VO veto command lnstructa an I/O device to read ha data on the data bus. Active lov. 
Output 
Output 
VO read and 
Drs esnys Output l Instructa an /O device to drive its data onto the data bus. Active lov. 
Advanced vrtte Que Jo AMYYC lesues a mamory veta command eartler In Mo machine eycte to giva memony devicos an serty 
commend output Indicatlon ot a verita inatruction. its tming le tha tamo ns a red command sinal. Active jo. 
Memory verita command Proddes a vrtte Matructon (9 memory lor ha Current deta Ga be bus. 
Outpet 
l ospet Active lo. 
Memory reed command Provides en output instruction to memory for the present data on he bus. 4 
j ope OURAl Aoae om, É 
Interrupt sehnomtedge Thls output intorma en Interrupting device that H has socopted Mo Intorrupt, outputting a vector address gut- 
commend cutput Quipe Cal ucton fe bi cut Br (ORC operat a Ma me menar fer itarunt orien, Activa fo, caques 
Thla output pla has bo tunetions — 
1. Vmen iha IOB input la set to lovc i 
Te MCE tunetion ls onabled, The signal acta as the enable sional mbioh alovs a. seve PIC. 
ja Da Noa NBA ia meta 
xi Gala Output enca. Active high. È 
E 8 et to hi 
ie 2. Von tho IOB input ls set to Digh: 


The PDEN Aincton la enabled. Thia omput provides tio onsble signal to ie data bus tèneoetrer on: 
nocted to Me I/O intertace bus ven an instruction occurs (IORC, IOVVC, AIOVVC, INTA). Oparates te 


1aM0 vey na DEN vithi respect to Mo tystem bus. 


sar: 


FUNCTIONAL DESCRIPTION 

The stata ot the command outputs and control outputs are 
'determined by the CPU status outputs S — S,. The table 
summarizes the states ot the outputs So— S2 and their cor- 


STATUS INPUTS AND COMMAND OUTPUTS 
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respoàding valid command output names. 

Oepending upon vehether the M5L82885 is In the I/O bus 
mode or system bus mode, the command Output sequence 
Veill vary, 


RELATIONSHIPS 


S s 8085, BOB8 status I Valló command output name 
L T L Interrupt achnomiedge iN 
L H Data read from an VO pon 
H L Data verita to am VO pors P ee a res 
H 
EES Instructioa loteh 

IC IC Tamicmnton mens 
H 1 (4 Vrrite data lo memory — - El 
H H —l Pasaive stata È uo un de 


1. VO bus mode operation 
Ven IOB is high, the M5L8288S function in the I/O bus 
mode. 


command lines should not be used to control the system bus 
in thls contiguration because no arbitration is present. This 
mode allovs one 8288 Bus Controller to handie hvo external 
busses. No vaiting is involved vhen the CPU vvants to gain 
access to the I/O bus. Normal memory access requires a 
"Bus Ready" signal (AEN LOVY) betore it vvill proceed. Itis 
advantageous to use the IOB mode if I/O or peripherals de- 
dicated to one processor existin a multi-processor system 


2. System bus mode operatlon 

VMhen IOB is set to lovy, the M5L82888 enters the System bus 
mode. In this mode no command is issued until 115 ns after 
the AEN Line is activated (LOVV). This mode assumes bus 
arbitration logic vvill inform the bus controller (on the AEN 
line) vhen the bus is free for use. Both memory and I/O 
commands vvait for bus arbitration. This mode is used vhen 
only one bus exists. Here, both I/O and memory are shared 
by more than one processor. 


3. AMVIC and AlÒVYC outputs 
VVith respect to the normal verite control signals MYVTC and 
IOVVC, the advanced-vrite command signals AMVVC and 
AlOVYC transit lov one cloch cycle earlier and remain lov 
tor tvvo cloch cycles. 

These signals are used vvith peripheral devices or static 
RAM devices vhich reguire a long vrite pulse, so that the 
CPU does not go into an unnecessarily vvait cycle. 
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8288 


D.C. AND A.C. CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS" 


Temperature Under Bias dC ta 20:C, 

Siotage Temperature BS Ce tac 

Al Outout and Supor Vottages Bsvt, 

All i9ut Voltages VV ro. 8 sy 

Pomer Oissipatina ts an 
L 


D.C. CHARACTERISTICS 


Conditions: Veç z SV 2 1099, Ta z0'C to 70:C ç 


Comman Ouigur 
Cont9t Qutouis 


Eommana Ovipuis 
Esntoi Outouis. 


A.C. CHARACTERISTICS 


Conditions: Veç z 5V 2 1054, Ta - 0'C 10 70C 
TIMING REQUIREMENT: 


Status imact 


Siatus Inacnye Mola Line 


Ti 


TCLLH TCLMER 
TSVU TSVMCM 
TER 


'NONCE Sunssas aDOva iosa lateg unger "Absolute Masmum Ratinga 
(ANY Causa Permanent demaga to Iha avice Thugis a stross ratinganty end 
luncitonal Oparation ol in Gevice at heus or any Olher condi 

Mote cnteg in ie Oparalionat sectons Ot ts specihic 
Mmoten Esposure 10 20301ut€ manimum 1aling Conaitions tor extandeg 
PEMD0S May alfect anvice ratrabiity 


ara ma 
1QU: 16 ma 


Losging 


TELut 

TEU 
TEMOTC 

LL Tenor 

Do Tanen — 
TaEr ST 


Command Active 


ae 


Qu a 16 mA 


TAELLy Enable Oaiay Time 
TAEVNV, ÀEN to DEN 
TCEvNy CEN 10 OEN, POEN 
TCELAR CEN ta Com, 


OH a ei mA 
Cua 8 0F 


4 4 
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Test Load Circulta — 3-State Command Output Test Load 


3 
En Y 
I 
I 
X 
be tema 
088 i 
4 ay, 
(rere —— 
PG Qè quel XX 
i 
DEN, PDEN Qualitication Timing 
Lo ne ——— lt 
m3 va i a 
Maften TT tener 
DU) i CET 
L0n, 4 Lo Von 
ourur 
CommANO dl 
Po ft 
ed 
i i 
i 
pe ICL An— Las 
MOTE: CEN must be lou or valid prior to T2 io prevent ima commang lrom baing generated. 
8288 Address Enable (AEN) Timing (3-State Enable/Disable) 
vo nap vuy Lu 
T T i 
I 
L ci de un S raig 
1 i I i 
our o. —4 dè Out o— ovto- 4 
i 
: i i 
en ig pen pre 
s ES l 
XGTATE 16 on 11a toLov Cosa uti: contROL gureut 


"511040 


PRELIMINARY 


6) 
ntel 8259A 


INTERFACE PROGRAMMABLE INTERRUPT CONTROLLER 


Ll 
Dita ce air er 
acTER (8259A/8259A-2) 
m Single 1 5V SuppIy (No Clocrs) 
m MCS-802, MCS-857 Compatible 
/ PLCC Paciage 


m 8086, 8088 Compatible 
m Available in 28-Pin DIP and 28-Lead 
a Eight-Level Priority Controller (See Pachaging Spec. Order 1231369) 


um Expandable to 64 Levels m Available in EXPRESS 
m Programmable Interrupt Modes — Star.dard Temperature Range 
— Extended Temperature Range 


um Individual Request Mash Capability 


S CHARACTER 


"he Intel 8259A Programmable Interruat Controller handies up to eight vectored priority interrupts for the CPU. 


ctored priority interrupts vrithout additional circuitiy. It is pactaged in a 28-pin 


dis cascadable for up to 64 vei 
requiring no cloch input. 


DiP, uses NMOS technology and requires a single - 5V SupPÍy. Circuitry ts static, 


minimize the softvare and real time overhead in handiing multi-level priority inter- 


The 8259A is designed to 
mization for a variety of system requirements. 


230759-26 : A 
tupts. lt has several modes, permitting opti 


sic al 
e vith the Intel 8259. Softvare originally vvritten for the 8259 vvill operate 


The 8259A is fully upvrard compatibl 
des (MCS-80/85, Non-Butfered, Edge Triggered). 


the 8259A in all 8259 equivalent mo: 


DIP 


OATA CONTROL LOGIC 


8us 
BUFFER 


CASCADE 
BUF FER: 
COMPARATCA 


AN, 


INTEANAL BUS 


za Figure 2. Pin 


231468-1 
Contigurations 


Figure 1. Blociç Diagram 


3-171 I h Order Number: 231468-003 


Table 1. Pin Description 


Name and Funcetlon 


GROUND 


CHIP SELECT: A lovy on this pin enables RD and VR communication 
bebvveen the CPU and the 8259A. INTA tunctions are independent ot 
CS. 


VVRITE: A lovy on this Pin vhen CS is lovy enables the 82594 to accept 
command vvords from the CPU, 


4-11 


BIDIRECTIONAL DATA BUS: Control, status and interrupt-vector 
information is transterred via this bus. 


12, 13, 15 


READ: A lovyv on this pin yhen CS is lovv enables the 8259A to release 
Status onto the data bus for the CPU. ú 


CASCADE LINES: The CAS lines form a private 8259A bus to control 


and inputs for a slave 82594. 


a multiple 8259A structure. These pins are outputs for a master 8259A 


SLAVE PROGRAM/ENABLE BUFFER: This is a dual function Pin. 
V/hen in the Buffered Mode it can be used as an output to control 
buffer transceivers (EN). VVhen not in the buffered mode itis Used as 
an input to designate a master (SP — 1)orslave (SP — 0). 


INTERRUPT: This pin goes high vvhenever a valid interrupt requestis 
asserted. ltis used to interrupt the CPU, thus it is connected to the 
J CPU's interrupt pin. 


INTERRUPT REQUESTS: Asynehronous inputs. An interrupt reguest 
is executed by raising an IR input (lovy to high), and holding it high untit 
itis achnovedged (Edge Triggered Mode), or just by a high level on an 
IR input (Level Triggered Mode). 


INTERRUPT ACICNOVVLEDGE: This pin is used to enable 8259A 
interrupt-vector data onto the data bus by a sequence of interrupt 
acinoviedge pulses issued by the CPU. 


AO ADDRESS LINE: This pin acts in conjuncetion vith the CS, VV, and 
RD pins. ltis used by the 82594 to decipher various Command VVords 
the CPU vvrites and status the CPU vishes to read. Itis typically 

J Sonnected to the CPU A0 address line (A1 for 8086, 8088). 


intel 


ABSOLUTE MAXIMUM RATINGS' "Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 


Ambient Temperature Under Bias QPC to 70"C age to the device. This is a stress rating only and 
Storage Temperature —-65'C to t 150'C funetional operation of the device at hese or any 
Voltage on Any Pin other conditions above those indicated in the opera- 
vith Respect to Ground tional sections of this specification is not implied, Ex- 
ROCA: posure to absolute maximum rating conditions for 

Pover Dissipation extended periods may affect device reliability. 


D.C. CHARACTERISTICS TA F O'C to 70€, Vec — 5V £ 1096 

Symbol Parameter Min Ll Max Test Conditions 
- 

Vi. Ll Input Lov Voltage —0.5 0.8 

Viy Input High Voltagé" Vec Y 0.5V 

i VoL Output Lovy Voltage LL. LO 045 loL — 2.2 mA 

VoH Output High Voltage E loH S —400 uA 

—— — 
VOHINT) Interrupt Output High R loH € — 100 uA 
Voltage : lOH — —400 pA 
ml 

li Input Load Current OV s VIN S Vec 

lLoL Output Lealage Current L 0.45V S Vour S Vec 

lec Vec Supply Current 

I lA IR Input Load Current VO 

ViN S Vec 


— 
ag) 
o —l 


L 


"NOTE: 
For Extended Temperature EXPRESS Vig F. 2.9V. 


CAPACITANCE Ta 2 25C: Veç — GND £ 0V j 
Symbol j Parameter Min Typ Í Test Conditions I 
CiN i Input Capacitance fe s 1 MHz I 


CO 1/O Capacitance I I Unmeasured Pins Returned to Vés 


hi ai 


2716 
16R (2R x 8) UV ERASABLE PROM 

m Fast Access Time m Pin Compatible to Intel "Universal Site'' 

— 2716-1: 350 ns Max EPROMs 

— 2716-2: 390 ns Max i i i 

7 m Simple Programming Requirements 

2716: 450 ns Max — Single Location Programming 
m Single -- 5V Povver SuppIy — Programs vvith One 50 ms Pulse 
m Lov Povver Dissipation m inputs and Outputs TTL Compatible 

— Active Povver: 525 mYY Max During Read and Program 

— Standby Povver: 132 mVV Max m Completely Static 


The Intel 2716 is a 16,384-bit ultraviolet erasable and electrically programmable read-oniy memory (EPROM). 
The 2716 operates from a single S-volt pover Supply, has a static standby mode, and features fast single- 
address programming. It males designing vviih EPROMS fast, easy and economical. 


The 2716, vith its single S-volt supply and mith an access time up to 350 ns, is ideal for use mith high- 
performance 4 5V microprocessors such as Intel's 8085 and 8086. Selected 2716-5s and 2716-6s are also 
available for slover speed applications. The 2716 also has a static standby mode vhich reduces povver 
consumption vvithout increasing access time. The maximum active povver dissipation is 525 mVV vhile the 
maximum standby pover dissipation is only 132 mVV, a 7529 savings. 


The 2716 uses a simple and fast method for programming—a single TTL-level pulse. There is no need for high 
voltage pulsing because all programming controls are handled by TTL signals. Programming of any location at 
any time—either individually, sequentially or at random is possible mith the 2716's single-address program- 
ming. Total programming time for all 16,384 bits is only 100 seconds. 


DATA OUIPUTS 
Veg aEon Og- 07 


I Pin Names 
Ag-Ai0 Addresses 
CE Chip Enable 


z 
OE Output Enable 


Es 
Og-O7 Outputs 
16,384 - BIT 5 
CELL MATRIX 


Y 
DECODER 


X 
OECODER 


Figure 1. Blocic Diagram 
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LL) gu 


2716 


xi za 1 
27512 l 27256 l27128AJ27C64/2792A 
27C512127C256127C128/87C64 


Ais Vep Vep J Vpp 
Ai2 Ai2 Ai2 j Are 
A7 A7 A7 A A7 


A6 Ag Ag As j A6 
As As As l'As J As 
Ag Ag Ag Mg JA 
Ag Ag Ag Ag j 83 
Ap Ao Mo l'A l Mo 
Ai Ai A A Aj 


Ag Ag Ag Ag j 80 
O9 Oo Oo J Oo i Op 
Le1) O1 0, Oi i Oi 
O2 O2 O2 J O2j O2 
GNOD (l GND / GNO j GNO J GND 


NOTE: 


í 27644) 
2T32A (27C6427128A) 27256 ( 27512 
87C64127C 128/27C256/27C512 


Vec j Vec j Vec I Vec 
PGMÍ PGM l'A lo Aj i 
Vec I NC.I Ag l'A l'A 


Ag Ag Ag Ag Mg Í 
Ag l'Ag l'A L'As l'he 
An J An An J An l An 


OE/Vppl OE J OE OE (OE/Vpp 
Aio l'Aio i Aio l Aro J Ag 
CE jadef CE CE CE 
O7 07 07 07 Or 
Os l Os l Os l Oe l Os 
Os J Os J Os Os Os 
Os j Os j Os Os Os 
O, l'os l'os Ll Os lo, 


210310-2 
Intel "Universal Site" compatible EPROM contigurations are shovn in the blocs adjacent to the 2716 pins. 


Figure 2. Cerdip Pin Contiguration 


EXTENDED TEMPERATURE 
(EXPRESS) EPROMs 


The Intel EXPRESS EPROM tamily is a series of 
electrically programmable read only memories vhich 
have received additional processing to emhance 
product characteristics. EXPRESS processing is 
available for several densities of EPROM, allovving 
the choice of appropriate memory size to match sys- 
tem applications. EXPRESS EPROM produets are 
available vvith 168 £ 8 hour, 125"C dynamic burn-in 
using Intel's standard bias configuration. This pro- 
cess exceeds or meets most industry specifications 
of burn-in. The standard EXPRESS EPROM operat. 
ing temperature range is 0'C to 70"C. Extended op- 
erating temperature range (—40'C to 4 85"C) EX- 
PRESS pròducts are available. Lixe all Intel 
EPROMSs, the EXPRESS EPROM family is inspected 
to 0.194 electrical AQL. This may allov the user to 
reduce or eliminate incoming inspection testing. 


EXPRESS EPROM PRODUCT FAMILY 


PRODUCT DEFINITONS 
TypelOperating Temperature Burn-in 125"C (hr) 
O'C to t 70'C 


—40'C to Y 85'C 


EXPRESS OPTIONS 


2716 Versions 


Pachaging Options 
Speed Versions Cerdip 
i Q 
STD Qi 


sl EE EE 


128A) 27256 / 27512 


C128/27C256/27C512Í 
vec J Vec I Vec 
IGM l As I Ass 


Mo J Aio (Mo 


pins, 


UCT FAMILY 


Jurn-in 1250C (ho) 
3urn-in 125"C (hr) 


168 48 
44 


Cerdip 
Q 
Qi 


intel 2716 


DEVICE OPERATION 


The six modes of operation of the 2716 are listed in 
Table 1. It should be noted that inputs for all modes 
are TTL levels. The pover supplies required are a 
- 5V Veç and a Vpp. The Vpp pover suppIy must be 
at 25V during the three programming modes, and 
must be at SV in the other three modes. 


Read Mode 


The 2716 has tvo control functions, both of vhich 
must be logically satisfied in order to obtain data at 
the outputs. Chip Enable (CE) is the povver control 
and should be used for device selection. Output En- 
able (OE) is the output control and should be used 
to gate data from the output pins, independent of 
device selection. Assuming that addresses are sta- 
ble, address access time (tacc) is equal to the delay 
from CE to output (tcg). Data is available at the out. 

uts toE after the falling edge of OE, assuming that 

E has been lovv and addresses have been stable 
for at least tacc-toE. 


Standby Mode 


The 2716 has a standby mode vvhich reduces the 
maximum active povver dissipation by 759e, from 
525 mVV to 132 mVV. The 2716 is placed in the 
standby mode by applying a TTL-high signal to the 
CE input. VVhen in standby mode, the outputs are in 
a high impedance state, independent of the OE in- 


put, 


Output OR-Tieing 


Because 2716s are usually used in larger memory 
arrays, Intel has provided a 2-line control function 
that accommodates this use of multiple memory 
connections. The tvo-line control function allovs 
for: 


Table 1. Mode Selection 


a) the lovvest possible memory povrer dissipation, 
and 

b) complete assurance that output bus contention 
vvill not occur. 


To use these tvo control lines.most efficientiy, CE 
(pin 18) should be decoded and used as the primary 
device selecting function, vvhile OE (pin 20) should 
be made a common connection to all devices in the 
array and connected to the READ line from the sys- 
tem control bus. This assures that all: deselected 
memory devices are in their lov-povér standby 
modes and that the output pins are active only vvhen 
data is desired from a particular memory device. 


Programming 


Initially, and alter each erasure, all bits of the 2716 


are in the "1" state. Data is introduced by selectively 
programming "O's" into the desired bit locations. Al- 
though only "O's" vvill be programmed, both "1's'" 
and "O's" can be presented in the data vvord. The 
only vvay to change a "0" to a "1" is by ultraviolet 
light erasure. 


The 2716 is in the programming mode vvhen the Vpp 
povver supply is at 25V and OE is at Viy. The data to 
be programmed is applied 8 bits in parallel to the 
data output pins. The levels required for the address 
and data inputs are TTL. 


Vvhen the address and data are stable, a 50 ms, 
active-high, TTL program pulse is applied to the CE 
input. A pulse must be applied at each address loca- 
tion to be programmed. You can program any loca- 
tion at any time—either individually, sequentially, or 
at random. The program pulse has a maximum vvidth 
of 55 ms. The 2716 must not be programmed Mith a 
DC signal applied to the CE input. 


Pins Í GE OE Vop Vec l Outputs " 

Mode (18) (20) (21) (24) (9-11, 13-17) 
Read Vi, I Vi 45 45 I Dour h 
Output Disable Vi ET 45, EB el High Z 
Standby Í Vg (sc 15 Tal tigh Z 

L Program I Pulsed Vi, to Vis I ViH 425 5 Í DIN l A 
Verity Vi, I Viu LL. ras "5 Dour 
Program Inhibit I Vi Vi i 425. "5 Í High Z , (sl 


NOTE: 
1. X can be Vi, or Vi. 
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ABSOLUTE MAXIMUM RATINGS: "Notice: Stresses above those listed under "Abso- 

lute Maximum Ratings " may cause permanent dam- 
Temperature Under Bias........ . —10"C to 1 80:C age lo the device. This is a stress rating only and. 
Storage Temperature .......... —85"C to 1 1250C tunctional operation of the device at these or any 


other conditions above those indicated in the opera- 


All Input or Quiput Voltagos vrith tional sections of this specification is not implied. Ex. 


Respect lo Ground. ........... - "8VIo -03V —— posyre lo absolute maximum rating conditions for 
Vpp Supply Voltage vith Respect extended periods may affect device reliability. 
to Ground During Program... . . 1 26.5V to —0.3V 


D.C. AND A.C. OPERATING CONDITIONS DURING READ 


i 2716 2716-1 I 2716-2 
Temperature Range Po 0'C-70:C 0'C-70"C I 0.C-70:C 
Veg Pover Suppiy(t. 2) i SV 2599 SV 2594 I SV 2599 
Vep Pouver Suppiy'2) I Vec Vec i Vec 
READ OPERATION 
D.C. CHARACTERISTICS 
i 
Symbol Parameter Limits i Units Test Conditions 
Min Typ(3) Max 
Ta 1 
li Input Load Current 10 LA ViN 5 5.25V 
me) Output Leahage Current 10 pA Vour 5 5.25V 
Ipp4(2) Vpp Current 5 mA Vpp 5 5.25V 
L Del El 
Iec12) Vec Current (Standby) 10 25 mA CE s Vip, OE — Vi, 1 
lecal2) 1, Vec Current (Active) : 57 100 mA JJ OE CE Viu 
ViL Input Loyv Voltage Ll l'A Ú 0.8 V 
ViH Input High Voltage 2.0 Vcc t 1 V 
VoL Qutput Lovv Voltage I 0.45 V lo, 5 2.1 mA 
VoH Output High Voltage 2.4 V loH 3 — 400 uA 
A.C. CHARACTERISTICS 
Limits (ns) 
Test 
Symbol Parameter 2716 2716-1 2716-2 Conditionst 
Mi M: Min j Ma Min i Max 
L. n ax x a: 
tACC Address to Output Delay 450 350 390 
tcE CE to Output Delay las0 350 390 
LSE 
tog (8) Output Enable to Output Delay 120 120 120 IL 
to (4. 6) (CE or OE High to Output Float 0 1 100/4 0 100 Ll 0 l 100 
BE 
tOH Output Hold from Addresses, CE 1. 0 0 0 
or OE Vvhichever Occurred First É 


3 


CAPACITANCE(M) T4 — 25:C. fs 1 MHz "A.C. TEST CONDITIONS 
A Test Output Load 1 TTL gate and 
(3 
Symboll Parameter I Typ(3)JMaxjUnit Conditioris CL — 100pF 
Ciy Input 4 6 i pF Vi m Input Rise and Fall Times 
Capacitance Input Pulse Levels .0.8V to 2.2V 
a Timing Measurement Reference Level: 
Cour JQutput 8. (18) PF IVour 5 OY IRRULS meres ierat marge api 0.8V and 2V 
Capacitance J CUP ats pg 0.8V and 2V 
A.C. VAVEFORMSI1) 
Vi Le c00 
ADDRESS 
ADORESSES VAL 
Vi cu0 
i 
Vig 
CE I I 
Vi, 4 i coco 
i i ' 
i po te — 
i 
c00 


Vi. 
OUTPUT 


Vi 


VALID OUTPUT 


210310-4 


NOTES: 


1. Vec múst be applied simultaneously or before Vpp and removed simultaneousiy or alter es, 
2. Vpp may be connected to Vec except during programming. The suppiy current vvould then be the sum vot lec et and Ipp4. 


3. Typical values are for TA — 


25'C and nominal supply voltages. 


4. This parameter is only sampled and is not 10024 tested. h 
5. OE may be delayed up to t CG "log alter the falling edge of CE vithout impact on tacc. 


6. tor is Specitied from OE or CE, 


vhichever occurs first. 
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: E) 
in 
tel 2732A . 
32R (4R x 8) UV ERASABLE PROMS 


m 200 ns (2732A-2) Maximum Access m Lovv Current Requirement 
Time ... HMOS"-E Technology —100 mA Active 
m Compatible vvith High-Speed —36 mA Standby 
Microcontrollers and Microprocessors m inteligent IdentifierTM Mode £ 
... Zero VVAIT State — Automatic Programming Operation 
m Tvvo Line Control m industry Standard Pinout ... JEDEC 


Approved 24 Pin Ceramic Pachage 


m 1090 Veç Tolerance Available 
(See Pachaging Spec. Order 4231369) 


The Intel 2732A is a 5V-oniy, 32,768-bit ultraviolet erasable (cerdip) Electrically Programmable Read-Oniy 
Memory (EPROM). The standard 2732A access time is 250 ns vith speed selection (2732A-2) available at 
200 ns. The access time is compatible vith high performance microprocessors such as the 8 MHz iAPX 186. In 
these systems, the 2732A allovs the microprocessor to operate vvithout the addition of VVAIT states. 


An important 2732A feature is Output Enable (OE) vhich is separate from the Chip Enable (CE) control. The 
OE control eliminates bus contention in microprocessor systems. The CE is used by the 2732A to place itin a 
standby mode (CE — Viu) vvhich reduces pover consumption vithout increasing access time. The standby 
mode reduces the current requirement by 6524, the maximum active current is reduced from 100 mà to a 
standby current of 35 mA. 

"HMOS is a patented process of Intel Corporation. 


OATA QUTPUTS 
09-07 


Pin Names 
QUTPUT BUFFERS Addresses 
Ceitdeeden Chip Enable 
MS: LL OutputEnable/Vee J 
id OQutputs 
hi 22.168 817 
DECOOER CELL MATRIX 
290081 -1 
Figure 1. Bloch Diagram 
T a 
I 
2rst2 j 27256 larizeAl rem (ori amGlamea 2T128A/ 27256 ( 27512 
Gepll 27C128127C256/ 27C512 


27C512(27C256(27C128 87C64 


As Vpp Vep 4 Vpp 
Ai2 A2 Mia j Are 


Aj A7 Ar A Ja, Vecl N.C. l Aig Ll Aig lo Ag 
Ag Ag Ag Ag I Ae Mg j Mg 48 Ag Ag 
As As As As l As Ag Ag Ag Ag Ag 
Ag Ag Ag Ag l Ma Vepj An j An An An 
Ag Ag Ag Ag l Ag OE OE OE OE JOE/Vpp 
M2 Ma Mo Ma j Me Mo) Mo J Mo J Aso j Aio 
A A LI M lA altell CE CE 


290081-2 
NOTE: 
Intel "Universal Site" compatible EPROM configurations are shovn in the blocxs adjacent to the 2732A pins, 


Figure 2. Cerdip Pin Configuration 


September 1989 
4-9 Order Number: 290081-004 


li itei 


2764A 
64R (BR x 8) 
UV ERASABLE PROMs 
m Fast Access Time—HMOS:' II E m inteligent IdentifierrM Mode 
— 180 ns Cerdip D2764A-1 m Industry Standard Pinout ... JEDEC 
m Moisture Resistant Approved ... 28 Lead Pacage 
m Tvvo-line Control (See Pachaging Spec, Order 231369) 


The Intel 27644 is a 5V only, 65,536-bit electrically programmable read-oniy memory (EPROM). The 27644 is 
fabricated vvith Intel's HMÒSII-E technology vhich significantiy reduces die size and greatly improves the 
device's performance, povver consumption, reliability and producibility. 


The 2764A provides access times to 180 ns (8764A-1). Thisis compatible vith high-performance microproces- 
sors, such as Intel's 8 MHz iAPX 186 alloviiig full speed operation vithout the addition of VVAIT states, The 
2764A is also directiy compatible vvith the 12 MHz 8051 family, 


Tvo-line control and JEDEC-approved, 28 pin pachaging are standard features of Intel higher density 
EPROMS. This assures easy microprocessor interfacing and minimum design efforts vhen upgrading, adding, 
or choosing betveen non-volatile memory alternatives. 


"HMOS is a patented process of Intel Corporation. 
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Vec —— Oo-0, 
GND o——ee ——————— 


Vop —— 


Ao-Aro 17 
ADORESS 
INPUTS 


OQUTPUT ENABLE 
CHIP ENABLE 
AND 
PROG LOGIC 


mi OUTPUT BUFFERS 
Y 
DECODER 


i am) 
Desde 
x 
DECODER 


65,536-BIT 
Figure 1. Bloch Diagram 
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intel 2764A 


Pin Names 
1 
Ag-Ai2 Addresses 
- Chip Enable 
i Output Enable 
. JEDEC hd Og-O7 Outputs 
age i PGM Program 
N.C. I No Connect 
1. The 27644 is 
y improves the 
hd: 512 27256 j 27128A 21128A J 27256 21512 
arcsia l arçase l'arca gia JrEnS 30 dual mem Laroms 270512 
:8 microproces- Ajs Vos Vop I Ms Vec Vec 
AIT states La A m2 I i M lo Au Au 
. The P dr a Li a Le ve Po Vec mM m3 an Ll 
As As As me La Ma Ma Ag Ag A 
. As As As hi A Mg 49 ha 9 Ag 
higher density M L A a qjoml Veo Jo An an Joan an 
jrading, adding, M mM M M al GE l OErves OE GE l GE/Ver 
d M M A mM jj Mo lo m9 Es Es Mo 
a Ma M Es Ei CE CE É CE 
m9 La he) ha J ml o. o, Or Or Or 
dg l 09 O, Og Ca i l Os Os Os Os Os 
o o o. o o Os Os Os Os Os 
O2 Or O2 O2 o Os Os Os Os Os 
GND GND GNO j GNO l ano i 0, fes) 0, 03 o, 
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NOTE: 
Intel "Universal Site"-Compatible EPROM pin configurations are shovvn in the blochs adjacent to the 2764A pins. 


Figure 2. Cerdip Pin Contiguration 
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EXTENDED TEMPERATURE 
(EXPRESS) EPROMs 


The Intel EXPRESS EPROM family is a series of 
electrically programmable read only memories vvhich 
have received additional processing to enhance 
product characteristics. EXPRESS processing is 
available for several densities of EPROM, allovving 
the choice of appropriate memory size to match sys- 
tem applications. EXPRESS EPROM products are 


EXPRESS EPROM PRODUCT FAMILY 
PRODUCT DEFINITIONS 


available vvith 168 Z 8 hour, 125"C dynamic burn-in 
using Intel's standard bias configuration. This pro- 
cess exceeds or meets most industry specifications 
of burn-in. The standard EXPRESS EPROM operat- 
ing temperature range is O'C to 70"C. Extended op- 
erating temperature range (—40'C to 4 85"C) EX. 
PRESS products are available. Lixe all Intel 
EPROMS, the EXPRESS EPROM family is inspected 
to 9.126 electrical AQL. This may allovv the user to 
reduce or eliminate incoming inspection testing. 


EXPRESS OPTIONS 
2764A VERSIONS 


ee) Operating Temperature J Burn-in.i25:C ha I Pacicaging Options 
Q " O'Cto £ 70'C 168 28 Speed Versions I Cerdip 
T lo -a4oCto 485'0 None —20 Q.T,L 
Lu lo caoco esc 16828. — J 


READ OPERATION 
D.C. CHARACTERISTICS 


Electrical parameters of EXPRESS EPROM products are identical to standard EPROM parameters except for: 


Ver 
0, 
04 
La 
04 
03 


230864-9 
GE x 25V Ra tn 


Veg - 


Vep s 15V Veg : GND i 


PGM 2 -5V 


— 
TD2764A 
Symbol Parameter LD2764A Test Conditions 
Min Max I Ll 
Isg Vec Standby Current (mA) 40 
lec, (1) Vec Active Current (mA) 100 
Vec Active Current 75 
at High Temperature (mA) Vpp S VeC. TAmbient 5. 85"C 
NOTE: 
1, The maximum current valve 18 vith outputs Op to O7 unloaded. 
JOps 
ri . 


ui 
A2 


Ainary Sequence lron. Ag lo Mia , 


us 


Burn-in Bias and Timing Diagrams 


ynamic burn-in 
dion. This pro- 


t specifications 


PROM operat- 
. Extended op- 
o 485"C) EX- 
Lixe all Intel 
ily is inspected 
Dvy the user to 
on testing. 


Cerdip 
Q.T,L 


ers except for: 


tions 


ML 
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ABSOLUTE MAXIMUM RATINGS" 


Operating Temperature 


During Read ......... : ..0'Cto t 70'C 
Temperature Under Bias ......... 7 IOC to : 80'C 
Storage Temperature .......::. -65'C to : 125'C 
All Inputs or. Output Voltages mith 

Respect to Ground . .......... —Q.6V to t 6.25V 
Voltage on Pin 24 vith 

Respect to Ground.. .. .. RES —Q.6V to t 13.5V 


Vpp Supply Voltage vith 
Respect to Ground 


During Programming .. 0.6V to 1 14.0V 


READ OPERATION 
D.C. CHARACTERISTICS 0'C :. Ta 1. 1 70'C 


Vec Supply Voltage vith Respect 
tO GIOUNA LL. vv vau eva eaereres —0.6V to i 7.0V 
tNotice: Stresses above those listed under "Abso- 
/ute Maximum Ratings " may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of Ihe device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specitication is not implied. Ex- 
posure lo absolute maximum rating conditions for 
extended periods may alfect device reliability. 


T 
Symbol Parameter Units Conditions 
Min Max Po Unit 
El Et 
I Ui input Load Current 10 l pA j Viy 5 OV to Veç 
ho i Output Leanage Current 10 L pA Vour £ OVtoVeç 
L cà 
LC toa TO Vop Current Read H 5 mm TO Vop a 8.5V 
l Isa I Vec Current Stancby f I 35 mA CE r Vi 
legi) Vec Curtent Active i 75 mo TO Es DE - Vi 
Va input Lo Voltage L 0.1 -0.8 v d 
V I 2 EE 
rn put High Voltage El 0 Vecz1 V i 
VoL Output Lov Voltage l 0.45 y lo, 7 2.1 mA 
Vou Qutput High Voltage j 24 v lou 3 7400 pA 
vega Vpp Read Vollage i 38 i Vec v veg 7 50V 10.25V 
A.C. CHARACTERISTICS OC s Ta 2. 7 70: C 
f R i T a) 
Virsiciali Vec : 59 2164A-1 2764A-2 2764A i Trat 
Vec: 1016 2764A-20 2764A-25 Unit Conditions 
Po symbol Parameter Min l Max Min Max Mn j Max l 
ds im al - ESE T 
tacc Address lo Po 180 i 200 250 ns CE 2 OE " Vi, 
am A Output Delay l I H 
tcE CÉ to Output i 200 250 ns TO EV 
Delay i 
—s l—: 
t0E OE to Oulput 65 I 75 100 ns CE Vi, 
Delay j 
tor) DE High to 0 55 o 1 585 0 60 ns TT GEaVe 
Quiput Float 
ton) Output Hold 0 j VC) 0 R ns CE - OE 2 Viu 
trom Address, I 
CE or OE 
VVhichaver I : 
Occurred First 1 l l els i 


NOTES: 

1. Vec must be applied simultaneousiy 
2. Vpp may be connected directiy to Vec except during pi 
Ipp. The maximum current value is vvith outputs Og to O7 
3. This parameter is only sampled and is not 1005: 
driven-—see timing diagram on the tolloving pag. 
4, Model Number Pretixes: No pretix — CERDIP 


4, tested. Output Data Float is delined as the pi 


or before Vpp and removed simultaneously or alter Vpp. 


rogramming. The supply current vvould then be the sum of Icc and 


unloaded. 
omnt vhere data is no longer 
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CAPACITANCEI2) (TA 5 250C, (— 4 MH2) 


Symbol Parameter I Typ(1) l Max l Unit / Conditions I 

CIN Input Capacitance I 4 6 PF l VINS OV j 

Cour i. Output Capacitance I 8 12 pF Jj Vour — OV 
A.C. TESTING INPUT/OUTPUT VVAVEFORM A.C. TESTING LOAD CIRCUIT 


t3v 


20 — 20 
INPUT Sa TEST POINTS -: ouTPur 
08 98. 


DEVICE 


at 230864 -3 


puts are Driven at 2.4V lor a Logic "1". and 0.45V 
"0". Timng Measurements are made al 2.0V lor a 
Logic "1" and 0.8V lor a Logic "0" i i 230864 -4 
i i C. : 100 pF 
i t CL includes Jig Capacitance 


A.C. VVAVEFORMS 


Von i dnua 
AODRESSES nQoRESS 
vs h dens 
Vam i R 
È DR ee Core i 
Vi i sol 


I na —— 


MIOH Z MIOHZ 
OuTPUT: VALIO OUTPUT 


230864-5 


NOTES: 
1. Typical values are lor Ta -. 25'C'and nominal suppIy voltages ' 
2, This parameter is only sampled and is not 1002 tested. 

3. GE may be delayed up to tce-log alter the talling edge ot CE vathout impact on tcE. 


1ogr 
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intel 2764A 


DEVICE OPERATION 


The modes of operation oí the 2764A are listed in 
Table 1. A single 5V povver supply is required in the 
read mode. All inputs are TTL levels except for Vpp 
and 12V on Ag for inteligent identifier mode. 


Table 1. Mode Selection 


TEA ae 8) CEIGEIPGMI Ag J Ao lVpelVec Quteutat 
Read val val Vm ix $x IVee/s oVh Dour 

Output Disable Va IV Va X LX Vecí 50V High Z 

ÍStandoy ES ES EES EU Hgnzl 
Programmyng valvmi vi Le Led ta i On ji 
Program Venty Va Va L Va EX és (44 1.4) l Oour ) 
(Program inhibit mix tx tx paleta High Z 

inteligent Identiliert" 

—manutacturer Vic Vil Vi VvatalvalVvecióovI 89H 1 
—gevice va Val Vi VraIVmjvecisovi. 084 i 
NOTES: 


1. X can be Viy Of Viu: 

a Mig "P 12.0V : 0.5V. 

3. Aj- Ag, Aio-Ar2 5 VI 

4, See Table 2 for Veç and Vpp voitages. 


Read Mode 


The 2764A has tvo control functions, both of vvhich 
must be logically active in order to obtain data at the 
outputs. Chip Enable (CE) is the povver control and 
should be used for device selection. Output Enable 
(OE) is the output control and should be used t0 
gate data from the output pins, independent ot de- 
vice selection, Assuming that addresses are stable, 
the address access time (tacc) is equal to the delay 
from CE to output (tcg). Data is available at the Out- 
puts after a delay of to£ from the falling edge of OE. 
assuming that CE has been lovr and addresses have 
been stable for at least tacc "t0E: 


Standby Mode 


EPROMS can be placed in a standby mode vhich 
reduces the maximum current of the devices by ap: 
plying a TTL-high signal to the CE input. Vhen in the 
standby mode, the outputs are in a high impedance 
state, independent of the OE input. 


Tvvo Line Output Control 


Because EPROMS are usually used in larger memo- 

ry arrays, intel has provided 2 control lines vhich 

accommodate this multiple memory connection. The 

tyvo control lines allov for: 

a) the lovvest possible memory pOver dissipation, 
and 

b) complete assurance that output bus contention 
vill not occur. I 


To use these tvo control lines most efficientiy, CE 
should be decoded and used as the primary device 
selecting function, vnile OÉ should be made a com- 
mon connection to all devices in the array and con- 
nected to the READ line from the system control 
bus. This assures that all deselected memory devic- 
es are in their lovv pOvver standby mode and that the 
output pins are active only vhen data is desired from 
a particular memory device. 


SYSTEM CONSIDERATIONS 


The povver svitching characteristics Of EPROMS re- 
quire caretul decoupling of the devices. The suppIy 
current, Icc. has three segments that are ot interest 
to the system designer—the standby current level, 
the active current level, and the transient current 
peaxs that are produced by the falling and rising 
edges of Chip Enable. The magnitude of these tran- 
sient current peahs is dependent on the output ca- 
pacitive and inductive loading of the device. The as- 
sociated transient voltage peals can be suppressed 
by compiying vith Intel's Tvvo-Line Control and by 
properiy selected decoupling capacitors. It is recom- 
mended that a 0.1 uF ceramic capacitor be used 0À 
every device betveen Vec and GND. This should be 
a high frequency capacitor of lov inherent induc- 
tance and should be placed as close to the device 
as possible. In addition, a 4.7 pF buliç electrolytic 
capacitor should be used betveen Vcç and GND for 
every eight devices. The bull capacitor should be 
located near vhere the povver suppiy is connected 
to the array. The purpose of the bull, capacitor is to 
overcome the voltage droop caused by the inductive 
effect ot PC board-traces. 


PROGRAMMING MODES 


Caution: Exceeding 14V on Vpp Vill permanentiy 
damage the device. 


Initially, all bits of the EPROM are in the "1" state. 
Oata is introduced by selectively programming "QS" 
into the desired bit locations. Although only "Os" vvill 
be programmed, both "48" and "Os" can be present 
in the data vvord. The only vay to change a "O"toa 
"g" is by ultraviolet light exposure (Cerdip 
EPROMS). 


The device is in the programming mode vhen Vpp is 
raised to its programming voltage (see Table 2) and 
CE and PGM are both at TTL-loyv. The data to be 
programmed is applied 8 bits in parallel to the data 
output pins. The levels required for the address and 
data inputs are TTL. i 
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Program Inhibit 


Programming of multiple EPROMS in parallel vvith 
different data is easily accomplished by using the 
Program Inhibit mode. A high-level CE or PGM input 
inhibits the other devices from being programmed. 


Except for CE, all lite inputs (including OE) ot the 
parallel EPROMs may be common. A TTL lov-level 
pulse applied to the CE input vith Vpp at its pro- 
gramming voltage (see Table 2) vvill program the se- 
lected device. 


Program Verify 


A verify should be performed on the programmed 
bits to determine that they have been correctiy pro- 
grammed. The verify is performed vvith GE at Vi. 
PGM at Viy and Vpp and Vec at their programming 
voltages, 


inteligent IdentifierTM Mode 


The intgligent Identitior Mode allovs the reading out 
of a binary code from an EPROM that vil identity its 
manufacturer and type. This mode is intended for 
use by programming equipment for the purpose of 
automatically matching the device to be pro. 
grammed vith its corresponding programming algo- 
tithm. This mode is functional in the 25C £ 52C am. 
bient temperature range that is required vvhen pro- 
gramming the device. 


To activiate this mode, the programming equipment 
must force 11.5V to 12.5V on address line A9 of the 
EPROM. Tvo -identifier bytes may then be se. 
quenced from the device outputs by toggling ad- 


dress line AQ from Vi, to Vis. All other address lines 
must be held at Vi, during inteligent Identifier Mode. 


8Byte O (AO — VI,) represents the manufacturer code 
and byte 1(A0 s Viu) the device identifier code. 
These tvo identifier bytes are given in Table 1. 


ERASURE CHARACTERISTICS 


The erasure characteristics are such that erasure 
begins to occur upon exposure to light vvith vvave- 
lengths shorter than approximately 4000 Angstroms 
(A). It shouid be noted that sunlight and certain 
types of fluorescent lamps have vvavelengths in the 
3000-4000 À range. Data shovs that constant ex- 
posure to room level fluorescent lighting could erase 
the EPROM in approximately three years, vvhile it 
vould taxe approximately one vveeh to cause era- 
sure vehen exposed to direct sunlight. If the EPROM 
is to be exposed to these types of lighting conditions 
lor extended periods of time, opaque labels should 
be placed over the vindouvy to prevent unintentional 
erasure. 


The rocommonded erasure procedure is exposure 
to shortvvave ultraviolet light vhich has a vvavelength 
of 2537 Angstroms (À). The integrated dose (i.e., UV 
intensity : exposure time) for erasure should bo a 
MinimMuM of fifteen (15) VVsec/cm2. The erasure 
time vith this dosage is approximately 15 to 20 min- 
utes using an ultraviolet lamp vvith a 12,000 uV//em2 
povrer rating. The EPROM should be placed viithin 
one inch of the lamp tubes during erasure. The maxi- 
mum integrated dose an EPROM can be exposed to 
vithout damage is 7258 VVsec/cm2 (1 veeh E 
12000 uVY/cm2). Exposure of the EPROM to high 
intensity UV light for longer periods may cause per- 
manent damage. 
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al CMOS 262144 BIT: 


FUJITSU EST 
il ACCESS MEMORY 


262,144 VVORDS x 1 BIT HIGH SPEED CMOS STATIC 
RANDOM ACCESS MEMORY 


The Fulitsu MB81C81A ls 262.144 vvords x 4 bi 
tabricated veith a CMOS technology. 


Statlc random access memory 


Since MB81CB1A consists of NMOS cells and CMOS peripherals 
mil DIP and reached love povrer dissipation such as 559 myv. 


ls pacraged In 300 


lt uses fuily static circultry and therefore requires no ciocxs or refreshing to operate. 


The MB81C81A ls designed for memory applications mhere high performance. tovv cost, 


-large bit storage and simple interfacing are requirec 


MBB1CB1A ls compatible vith TTL logic tamílles in all respects: Input. output and a 
singlé 45 V suppiy. 


e Organization: 262.144 vvords x Í bit 
s Static operation: No clocs or refresh requirea 


e .Fast access time: 35 ns.max. (MB81C81A-35) 
45 ns max. (MB81C81A-45) 


e Single 15V suppiy. 4056 tolerance 


e 'Separate data Input and output 


e TTL compatible inputs and output 

e: Three-state output vith OR-tie capability s 
i 

8 Chip select for simplified memory expansion. automatic poier don 


MB81C81A-35 
MB81C81A-45 


May 1988 
Edition 1.0 


PLASTIC PACRAGE 
(DIP-24P-M03) 


CERAMIC PACRAGE 
(DIP-24C-A08) 


PLASTIC PACRAGE 
(LCC-24P-M01) 


LCC-24C-A02, See page 11 


PIN ASSIGNMENT 


Vec 


e All inputs and output have protection agalnst static charge 
e 300 mil vidth 24-pin Dual In-Line Pacxage 
(Suttix: Plastic DIP, P-SX, Ceramic DIP: C-Sx3 
24 pad LCC (Suffix: CV) 
24 pad SOJ (Sutfix: PJ) DIP, SOJ 
ABSOLUTE MAXIMUM RATINGS (see NOTE) 
Rating Symboel Value Unit 
Suppiy Voltage i Vec -0.5 t0 47 v 
input Voltage on any pin veith to GND Vi -3.5: to 47 v 
Qutput Voltage on any pin vith to GND Vour Il —0.5 to 47 v 
Output Current É lour 120 mAÀ 
Povrer Dissipatlon Po 1.0 vv 
Temperature under Bias TBias -10 to 485 "c 
I CERAMIC EIXTES CS 
Storage Temperature — lEiiene TsrG rr 


" DC: min. z -0.5 V 

NOTE: 
Permanent device damage may occur If the above Absolute Maximum 
Ratings are exceeded. Functional operation shouid be restricted to the 
conditions as detalled in the oporational sections of this data sheet. Exposure 
to absolute maximum rating conditions for extended perlods may affect 
device rellability.. 


Copytignt D 1968 by FUJTSU LIMITEO and Fujitzu Microoit 


lon of any voltage higher than 
es to this high impedaricu 


circuit. 
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ESESENSES OMB8IC81A-45 


MB81C81A-35 
MB81C81A-45 


FUJITSU 


AC TEST CONDITIONS 


Input Pulse Levels: 0.6 V to 2.4 V 

Input Pulse Rise and Fall Times: Sns 

Timing Measurement Reterence Levels: Input: — Vaz 0.8 V/Vin - 2.2 V 
Qutput: Vou z 0.8 V/Von - 2.2 V 


Output Load: Fig. 2 


100 Q 


Dour 


cu tincluding Scope and Jig) 


Cu: 30 pF for all except 
5 PF for tiZ. tvv2. 


2. IVVZ. ULZ and tOvv. 
and tOvy. 


AC CHARACTERISTICS 


(Recommended operating conditions unless othenvise noted.) 


Paramictei I Sabsi 1 MB81C81A-35 MB81C81A-45 i ni 
Min. Max. El Min. si Max. 

READ CYCLE a i CER È ó 
Read Cycle Time "1 tAC 35 45 ns 
Address Access Time Ir AA 35 1 45 ns 
Chip Select Access Time "2 tACSI I 35 45 ns 
h Output Hold from Address Change tOH s 1 L.) ns 
Chip Selection to Output in Lovv-Z 13 tLz El 5 S ns 
Chip Deselection to Output in High-Z 13 tHZ I 0 20 0 25 ns 
Chip Selection to Povver Up time tPu 0 0 ns 
Chip Deselection to Povrer Dovn L tPo L 35 45 ns 


"1 Al Read cycles are determined from the last valid address transitioning to the first address transitioning of next 
"2 Addesses valld prior to or coincident vith CS transition love. 
"3 Transition ls measured at the point of 4 500 mV from steady state voltago mith specilied load in Figure 2. 


eycle. 


READ CYCLE TIMING DIAGRAM 


READ CYCLE: ADDRESS CONTROLLEO "1 "2 


ADDRESS 


Previous Data 


DATA OUT el Data Valid 


READ CYCLE: CS CONTROLLED "2 


ADDRESS 


DATA OUT 


EN : uncernea 


: Don't Care 


Mo CS is Lov. 

12. VVE ls high for Read cycles. 

:3. transition le measured at :500mV from steady state voltage vith specifled load in Fig. II. 
"4. Addresses valld prior to or coincident vith CS transitjon love. 
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PACRAGE DIMENSIONS 


(Suffix: PF) 


28-LEAD PLASTIC FLAT PACRAGE 
(CASE .No.: FPT—28P-M02) 


RARARARRRRARAÇ Of 


INDEX 


Ves 


RRRRREGERERARA o é 


s8:-010 20.25 
s891019 1725/0253 hi 


(A 1 I os6: 005 
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1M BIT CMOS STATIC i 
RANDOM ACCESS MEMORY 


MB841000-80/80L 


VVITH DATA RETENTION Li MB841000-10/10L 


LOVVER POVVER 


1M BIT (131,072 x 8) CMOS STATIC RANDOM ACCESS 
MEMORY VVITH DATA RETENTION AND LOV/ LOVVER 


The Fujtsu MB841000 ls a 131,072-mords x 8-bits static random access memory 
tabricated vith a CMOS slicon-gate process. To mate pomér dissipation lomer. 
peripheral circults consist of CMOS techaology. and to obtain smazer chip slze. c 
consist of NMOS transistors and resistors. The Memory utilzes as. hronous circultry 
Al pins are TTL compatible. and a single 15V pover suppiy ls recured 


The MB841000 has 32-pin 600mil plastic DIP and 32-pin 525 mil plastic FPT as pactaçe 
option 


The MB831000 ls Ideally sulted for use in microprocessor s,stems and other 
applications vvhere fast access time. and ease of use are requirec. For example, since 
data retention voltegelVDR) ls 2.0V min., MB841000 can be used as non volatie 
memory by battery bací-up. All devices offer the advantages Of lo somer dissi 
loy cost and high performance. 


e Organtzation: 131.072 x 8 bits 


2 Fast access time: lanztACistaCzz6Ons max. / lOE-35ns max 
(MB841006- 89/80L) 
laAztACIalaC2: IOOns max. / loE-4Ons max 
(M8841000-19/10L) 


e TTL compatible Inputs/outputs 
e Three-state outputs 


se Single 45V pomer suppiy. 4105: tolerance 


e Lov povver dissipation : — Standard Lon-pover version 
(MBE31000-80/10).(MB841000-52/10L) 
Active : 440 mA max. 440 mA max. 
Standby (TTL Level) 16.5 mv max 16.5 MV max 


Standby (CMOS Level): — 11 mvé max 1.1 myy max 
e Data retention voltage : —2.0V min 
e Standard 32-pin PLASTIC DIP(S00mil) : Suffix -P 
se Standard 32-pin PLASTIC SOJ(S25mil): Suftix -PF 


e JEDEC Standard Pin assignment 


Nota: Timraing s quedo qua 


ME SICe4 A —35 


Copyright € 1988 by FUJITSU LIMITEO ano Fusitsu Microsi 


August 1988 
Edition 1.0 


PLASTIC PACRAGE 
(DIP-32P-M01) 


PLASTIC PACXAGE 
(FPT-32P-MXX) 


PIN ASSIGNMENT 
(TOP VIEVV) 
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intel 
OO 82C55A 


CHMOS PROGRAMMABLE PERIPHERAL INTERFACE 


m Compatible vvith all Intel and Most im. Control VVord Read-Baclç Capability 
Other Microprocessors m. Direct Bit Set/Reset Capability 

m High Speed, "Zero VVait State" Capabili 
Operation vith 8 MHz 8086/88 and al Cas de PE SES 
80186/188 : 


m Availlable in 40-Pin DIP and 44-Pin PLCC 


m Available in EXPRESS 
Ni NEGRES DAMOS — Standard Temperature Range 


m Completely TTL Compatible I — Extended Temperature Range 


The Intel 82C55A is a high-performance, CHMOS version of the industry standard 8255A general purpose 
programmable I/O device vvhich is designed for use vith all Intel and most other microprocessors. It provides 
24 1/O pins vvhich may be individually programmed in 2 groups of 12 and used in 83 major modes of operation. 
The 82C55A is pin compatible vith the NMOS 8255A and 8255A-5. 

In MODE 0, each group of 12 I/O pins may be programmed in sets of 4 and 8 to be inputs or outputs. In 
MODE 1, each group may be programmed to have 8 lines of input or output. 3 of the remaining 4 pins are used 
for handshaling and interrupt control signals. MODE 2 is a strobed bi-directional bus contiguration. 

The 82C55A is fabricated on Intel"s advanced CHMOS III technology vhich provides lovv povver consumption 
vvith performance equal to or greater than the equivalent NMOS product. The 82C55A is available in 40-pin 
DIP and 44-pin plastic leaded chip carrier (PLCC) paciçages. 


m 24 Programmable 1/O Pins rata 
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Figure 1. 82C55A Blocic Diagram 


231256-2 
Figure 2. 82C55A Pinout 


Diagrams are for pin reference only. Paciçage 
sizes are not to scale. 
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3-124 Order Number: 231256-004 


82C55A 


Table 1. Pin Description 
Tl, 


Dip 


Pin Number 


PLCC 


Type 


Name and Function 


PC7-4 


PAg.9Q 1-4 PORT A, PINS 0-3: Lover nibble of an 8-bit data output lateh/ 
buffer ahd an 8-bit data input latch. 

lEo—————— La 

RD 5 l JREAD CONTROL: This input is lovy during CPU read operations. 

cs ls lot. loHiP SELECT: A lo on this imput enables the 82CS5A to 


othenvise. 


10-13 


11,13-15 


/0 


rèspond to RD and VR signals. RD and VVR are ignored 
É 


System Ground 


ADDRESS: These input signals, in conjunction RD and VR, 
control the selection of one of the three ports or the control 
vvord registers. 


PORT C, PINS 4-7: Upper nibble of an 8-bit data output lateh/ 
buffer and an 8-bit data input buffer (no latch for input). This port 
can be divided into tvvo 4-bit ports under the mode control. Each 
4-bit port contains a 4-bit latch and it can be used for the control 
signal outputs and status signal dia in conjunction vvith ports 
A LAsene B. 


l—— 

PCg.3 18.7 16-19 0) (PORT C, PINS 0-3: Lovver nibble of Port C. 

PBo0.7 18-25 j 20-22 I/O Il PORT B, PINS 0-7: An 8-bit data output latch/buffer and an 8- 
24-28 bit data input buffer. 

li 

Vec 26 29 SYSTEM POYVER: "- 5V Pover Supp/y. 

D7-0 27-34 l'80-83, I/O Il DATA BUS: Bi-directional, tri-state data bus lines, connected to 
35-38 ase data bus. 

RESET 35 39 l RESET: A high on this input clears the control register and all 

eh El ports are set to the input mode. 
VR 36 40 I VVRITE CONTROL: This input is lovv during CPU vrrite 
operations. 
PA7..4 37—40 41-44 I/O Jj PORT A, PINS 4-7: Upper nibble of an 8-bit data output latch/ 
buffer and an 8-bit data input latch. 

NC 1512, No Connect 

23, 34 -d. li 
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82C55A 


82C55A FUNCTIONAL DESCRIPTION 


General 


. The 82C55A is a programmable peripheral interface À 
device designed for use in Intel microcomputer sys- 


tems. lts function is that of a general purpose I/O 
component to interface peripheral equipment to the 
microcomputer system bus. The functional configu- 
ration of the 82C55A is programmed by the-system 
softvvare so that normally no external logic is neces- 
sary to interface peripheral devices or structures. 


Data Bus Buffer 


This 3-state bidirectional 8-bit buffer is used to inter- 
face the 82C55A to the system data bus. Data is 
transmitted or received by the buffer upon execution 
of input or output instructions by the CPU. Control 
vvords and status information are also transferred 
through the data bus buffer. 


Read/VYrite and Control Logic 


The function of this bloc is to manage all of the 
internal and external transfers of both Data and 
Control or Status vvords. It accepts inputs from the 
CPU Address and Control busses and in turn, issues 
commands to both of the Control Groups. 


Group A and Group B Controls 


The functional configuration of each port is. .pro-. . 


grammed by the systems softvvare. In essence, the 
CPU "outputs" a control vvord to the 82C55A. The 
control vvord .contains information such as "mode", 
"bit set", "bit reset", etc., that initializes the func- 
tional configuration of the 82C55A. 


Each of the Control blocts (Group A and Group B) 
accepts "commands" from the Read/Vvrite Control 
Logic, receives "control vvords" from the internal 
data bus and issues the proper commands to its as- 
sociated ports. 


Control Group A - Port A and Port C upper (C7—C4) 
Control Group B - Port B and Port C lovver (C3—CO0) 


The control vvord register can be both vvritten and 
read as shovn in the address decode table in the 
pin descriptions. Figure 6 shovs the control vvord 
format for both Read and VYrite operations. VVhen 
the control vvord is read, bit D7 vvill alvvays be a logic 
"4", as this implies control vvord mode information. 


Ports A, B, and C 


The 82C55A contains three 8-bit ports (A, B, and C). 
All can be configured in a vide variety of functional 
characteristics by the system softvare but each has 
its ovvn special features or "personality" to further 
enhance the povver and flexibility of the 82C55A. 


Port A. One 8-bit data output latch/buffer and one 
8-bit input lateh buffer. Both "pull-up" and "pull- 
dovrn" bus hold devices are present on Port A. 


Port B. One 8-bit data input/output latch/buffer. 
Only "pull-up" bus hold devices are present on Port 
B. 


Port C. One 8-bit data output latch/buffer and one 
8-bit data input buffer (no latch for input). This port 
càn be divided into tvo 4-bit ports under 'thé mode' ' 
control. Each 4-bit port contains a 4-bit latch and it 
can be used for the control signal outputs and status 
signal inputs in conjunction vvith ports A and B. Only 
"pull-up" bus hold devices are present on Port C. 


See Figure 4 for the bus-hold .ircuit configuration for 
Port A, B, and C. 
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intel 82C55A 


ve 


DATA 


aus 
BUFFER 


o 


INTERNAL 
OATA BUS 


231258-3 


Figure 3. 82CS5A Blòcic Diagram Shovving Data Bus Buffer and Read/VYrite Control Logic Funetions 


RESET Pd 
EXTERNAL 
INTERNAL PORT A 
DATA IN PIN 
INTERNAL 
DATA OUT 


VR 
Vec ç 
RESET p: 
EXTERNAL 
À PORT B.C 

PIN 
INTERNAL 
DATA 

a 
"NOTE: di 231256-4 


Port pins loaded vvith more than 20 pF capacitance may not have their logic level guaranteed follovving a hardvvare reset. 


Figure 4. Port A, B, C, Bus-hold.Contiguration 
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8251A 
PROGRAMMABLE COMMUNICATION INTERFACE 
ms Synchronous and Asynchronous m Asynchronous Baud Rate—DC to 19.2R 
Operation . : Baud : 

m Synchronous 5-8 Bit Characters, m Full-Duplex, Double-Buffered 

- Internal or External Character Transmitter and Recelver 

: Synchronization, Automatic Sync m Error Detection—Parity, Overrun and 
cera a 4 . Framing de 
m. Asynchronous 5-8 Bit Characters, m Compatible vith an Extended Range of 


Clocx Rate—i, 16 or 64 Times Baud 


Rate, Breai Character Generation, 1, intel Microprocessors 


114, or 2 Stop Bits: False Start Bit m 28-Pin DIP Paciage 
Detection: Automatic Breax Detect and m All inputs and Outputs are TTL 
Handiing : Compatible 

8 Synchronous Baud Rate—DC to 64X m Avallable in EXPRESS and Milltary 
Baud Versions di 


The Intels 8251A is the industry standard Universal Synchronous/Asynchronous Receiver/Transmitter 
(USART), designed for data communications viith intel's microprocessor families such as MCS-48, 80, 85, and 
iAPX-86, 88. The 8251A is used as a peripheral device and is programmed by the CPU to operate using 
virtually any serial data transmission technique presentiy in use (including IBM "bl-sync"). The USART accepts 
data characters from the CPU in parallel format and then converts them into a continuous serial data stream 
for transmission. Simultaneously, it can receive serial data streems and convert them into parallel data charac- 
ters for the CPU. The USART vell signal the CPU vrhenever it can accept a nevi character for transmission or 
vrhenever it has recelved a character for the CPU. The CPU can read the complete status of the USART at any 
time. These include data transmission errors and control signals such as SYNDET, TxEMPTY. The chip is 
fabricated using Intel's high performance HMOS technology.: Í 


ADC 13 16 EQ sYN0ET/80 
RaROY Cl 14 15 I maRDY 
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INTERNAL Flgure 2. Pin Configuration 


DATA BUS 
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Figure 1. Bloc Diagram 


November 1986 
21 Order Number: 205222-002 


VIVQ — O'SNIVIS/IOHINOO — L 


"UORBULOJUI 
SMB3S JO PJOM JOQUOO '18)0BJEUO BJLp P J0Uj10 Si SNg 
B1EQ 943 UO PJOM EU) JEUI VISZ8 Et3 SuOjui 'sind 
-Ul QH PUB BM 9U3 UM UORDUNÍUOS UI 'INdut SiyL 


(B3E0/103)U09) Q/5 
XIVISE — Sn8 viva ELX XxX X 
XIVIS-E — Sn8gviva/j o L L X 
TOHLNOO — Sn8 vIvaj o o Lt 18 
SN8 VIVG — SnLvIs) o Ll o 3 
VIVQ VIScg — Sn8 viva) o. o É 0 
SN8 Viva — VIVvaVvISsc8) O t 0 Le) 

3 So HM QH Q/O 


VIScg 
Eu3 L1O1 UORBULOJUI SES 20 BJEp Buipges Si NdO 
eu) 3OU) ViS28 943 SUOjUI induir Siy3 LO ,MOJ, V 


(peetH) qu 


"VISZ8 OU1 O) SPJOM JOUOO JO BJ2P BUQUM SI NdO 
eu) JEU) ViScg eu Sunojut indur Siy3 LO ,MOJ,, V 


(OUM) UM 


80181 JIq BJEP JONiLUSUBL/ JO 1948004 
eu) Sou OE UBUJ) 1838016 6q 3SNUu 3 1O jo Aouenb 
-04) EU) INQ 419 O) peoueseje: 818 Sindjno 10 sind 
-UI 8UJ63x8 ON '2038.8U69 X90J9 Eu3 JO 3Ndn0 (IL) 
Z es8Ud Eu) O) pejoeuu0o Ajeuuou si pug Bu 
SOMBP IBUIGqUI EJEJ6UGS 0) pesn Si Induj 819 euL 


(19019) 819 


SUuOpoUN 91607 SJUM/PEoH PUE 194398 ng BjEG BujmMOUS Lle1BeIQ XD018 Vi SZ8 '£ e.n614 


E-esoc 


130Xve 
/L30NAS I 
JON1NO9 
3M13938 


t8-8) 
s333N8 
3M13938 


xi 
Aldm3n1 


1OU1NO9 
LIMSNVUL 


Aques 


is: 41 
834308 
LMSNVHL 


N 


Sn8 viva 
IVNUJLNI 


JOu1NO2 
N30Om 


Visc8g - EL 


"8185 ,91P),, 843 Oqui 
GDIMBp OU) Sind Osje uoBJedo jesel puguuui0o Y 


"(Buiuuns eq 3snu: 30019) 49) 9 Si yjpum esind 
13S3H LUNUUIyy "UoRiUYSP feuORDUN S LueuBosd 
O) VLSC8 843 OjUi UBQUM SI SPJOM JOqUOS jo jes Meu 
8 IQUN ,9/p),, 38 UfBL16, ju BDIOP OU L 'EPOLL , 9/py,, 
UB OjUI VIS28 9U) S89404 iNdui Si) u0 ,UBIU,, V 


(2824) L3S3H 


"uogiu 
"40P jeuopouny e9449p 8u3 104 SIELL0J Joquo0o SNOLBA 
9U4 81035 JEU) JejsibotH PIOM PUBLJUIOS pUR Jejsi 
Boy PIOM IOQUO9 8U3 SUIBJUOS 3j 'UONBJedo GD146p 
/B2640 104 SIBUBIS Joquoo sejeleueó pue snq jonuog 
LUOJSAS 043 LlOL Sindut Sideoog x90jq IBUORDUN Siy L 


1eyng Sng Bjeg eu) ySnony Snq v1essís 
SU3 UM BURBOIUNLIUSOO S30)S1B0. iq-8 'Ojesedes 010 
sieisióe. inO-BjeQ pue ureeg 'SMEIS PueLuuoS 
841 1e4ng Sng B3eQ euy yBnOsyj peuejsuen osig 
918 UORBULOJUI SNEIS PUB SPJOM PUBLULUOS 'SpJOM 
I9AUO9 'Nd9 83 JO SUORoNRSUL 3Nd 1 NO 30 indNy jo 
uomnoexe Uodn Jejjnq eu) AQ pem:6964 JO popitusug,, 
Si BlEQ 'Sng Bjeg Lue)sís eu) O) Viszg eu) 898, 
-16ju1 03 pesa Si J9ynq 4i9-8 'BUORDERPIq GJers-£ SiyL 


1ejjng sng ejeg 


"BJLp L103SAS pojuSu0-834q j0 qndino Jo Jndur 
elduls E 'Nd95 eu) 0) ulUeJedsueJ),, Jeedde pjnous 
S9eu8qui eyj 'e9uesss Uj "enbIUYD8) UORBDIUNUM 09 
ou: o) enbiun Ajeuomoun) eze jeu) Sl8joeveyo vo 
SUg Uesut JO 839j9P OSjB SNU GOMBP GOBUGJUI Oyy. 
"uondeoes J0y ejep u1e3s/S jejjesed Oqui 8jep jeuuoy 
18168 BUIUOOUI USAUOO PUB LOISSIUSUBL) JOj JBULJOJ 
UES OqUI EJLp LLGISAS JBULOJ jejjeied UeAUOS Jsnus 
SDIMBP SDBUSJUI UB JUGLUUONAUS UORLDIUNULLOS B UI 


"LOUAS-IQ,, Ngi Guipnjout 'esn ui senbiuyoe, 
BJGp jeues 3souu poddns uo viszg evi 'Ailqixey 
UINLUIXELU JOj OJBMJJOS S,UIOJSAS OU3 Aq pouiure.bosd 
Si UOREIBIUOS jBUORDUNY Sy 'US)sAs Je iNdUJ050191U4 
B Ui seom8p O/I 1ev0 exn) '8808 Pu8 9808 's808 
"0808 '8v08 SE yons SI8)nduioS0,014 jequj jo eBug, 
ep 8 10) peuBisep Jegiuusue.y/jemeoey . snou 
ONOUASV/SNOLOMJOUAS JESIOMIUN E Si VIS28 OUL 


jelsueg 


NOILdIHOSAQ 1VNOLLONNA 


'9Y9 O) DOQ L1013 8321 PNBg SNOLOMYOUAS e 


'Suibueuu BueJedo Jeyeq pue peeds JeuBiy Bur 
-PIO 'SONSUSIDELEU9 9Q PUB 9V pooueyue sey 
pue SevoI6,SN0EU81XE LlOLJ 0013 Si VISZ8 041 e 
'p80: smBls Buunp peuigiyui eq im egepdn seis 
943 1NQ GLUN Aue )B pe9. 0q UBS SMBIS VIS28 OU L e 

"eom6p 
eu3 jo uogesedo lèusejut eu) 39648 jou Op HM 
pUB QH 8u) 'pejoeles jou Si V1SZ8 6U3 SB BUOJ SV e 

"epous 
QUAS Ut ponSS: Si PUBLULUOO JUNH J9JU3 JO40U0UM 
S8U0 IJE Oj J83SiB81 XH eu) Buueejo Aq osje pue pe 
30830P AsnONBqUOI EQ SI930LJB49 043 'POLILI CIS 
-Old Si QUAS 18)0B18U9 EjgnOP ji jeu) Buunsue 
AQq pezuiuju: Si )98)ep OUAS esjey JO AulIQiIsSOd e 

'pees sneis e uodn jjesy szeej9 yoiyM 

doy-diy € PIA pepimo.d si sme3s 300)9Q QUAS 

leu:ejx3 ue pue 'pelgesip si 309300 JUAS feuJe) 
-Uj 'peruusesbord si )09)0Q DUAS IELLOIXI USUM e 

"PJOM E JO 81pPitu ou) Ui jo 

BUIUN LJOJ JONjLUSUBA OU) SJueABId OSje 51B0/ 

641 'PoutuSuea UGeg SEy UONUM AjsNnOMe,d gjep 

XB IQUN UOISSIUSUEL BUIJEU UJO1) PURLULIOS Ojqe 
sia XI E SJU9A6.d queLseoueyue DiBoj ejgeu3 XI. e 

"poruvue.joud si 

Nugs ssejun 83835 Supyeiu euy 0) ue) SAgmye 
li SU QXL 'UOISSILISUEL B JO. UOISNIOUOS OU) Ve 

"luvsn 

psoGUL0osip. 8 ul01j) sidnueju:. peguemun 

Bunueae.d '6je)s ,yP91Q,, UI USyM Buiue)s tv01y 
leM8004 EU) SIUSAB.d UOI UI XH peuyel V é 

SE) SIU) 30 NdO 2u3 But 

-n8492 "AjLORRLJOINE ,2029,, Sejpuey pue so8) 
ep 18418004 eu) 'SuONgJedo SNOUOMJOUASE Uj e 

PESLGA0 Nd9 SEZiului pue Buiuuye.Bold 

joquco seiiduus Ajqe18pisu09 Voiya "NO Pjeg 

pue 'uy E3eg 'smBIS 'Jou02 J0j 2835168: Q/j 8)21 
-8deS 444 SUjEd PEP P8J943NQ-8/QNOP SEU VISZ8 e 
:SjueLISoUByue 
pue s8:388y feuonippe Buimoljoy eu) sey pue 1528 
81 jo seues) ox euy je sejelodiooui vigzg eu. 


"VIS28 843 JO suogeomjoeds 
DQ Pue 9V eu3 Buimeime) pue 'SjueLIeoueyue pug 
seimeej iBUOmPPE EU) BuiMOUX Ajuo SEAJOAUI pug 
AUIQREdUU0O jo esn806q JeUUIU Si GuI LOREZL Bus 
"BJ '1828 943 quim Ajiqueduioo Sumqureu: pue s)os 
-SED0,40291t1 Jojuj jo ebues pepueixe ue quim seje 
"800 VISZ8 0UL "158 el9jUI 943 "LBVSN Piepumys 
AnSsnput: eu) jo uBisep peougape ue si viGzg eur 


SIN3MNAONVYHN3 QONV S3UNIV34 


VISZ8 


8251A 


CS (Chip Select) 


A "lov" on this input selects the 8251A. No reading 
oc veritini occur unless the device is selected. 
Vvnen LE is high, the Data Bus is in the float state 
and RD and YVR have no effect on the chip. 


Modem Control 


The 8251A has a set of control inputs and outputs 
tnst can be used to simplify the interface to almost 
any modem. The modem control signals are general 
Curpose in nature and can be used for functions oth- 
er han modem control, if necessary. 


DSR (Data Set Ready) 


The DSR input signal is a general-purpose, 1-bit in- 
vergag input port. its condition can be tested by the 
CSU using a Status Read operation. The DSR input 
ts normaliy used to test modem conditions such as 


Data Set Ready. 


DTR (Data Terminal Ready) 


The DTR output signal is a general-purpose, 1-bit 
invening output port. It can be set "lovv" by program- 
minç the appropriate bit in the Command Instruction 
vrord. The DTR output signal is normally used for 
modem control such as Data Terminal Ready. 


RTS (Request to Send) 


The RTS output signal is a general-purpose, 1-bit 
inveding output port. It can be set "lovv" by program- 
ming the appropriate bit in the Command Instruction 
vrord. The RTS output signal is normally.used for 
modem control such as Request to Send. 


CTS (Clear to Send) 


A "lom" on this input enables the 8251A to transmit 
Serial data if the Tx Enable bit in the Command byte 
is set to a "one". If either a Tx Enable. off or CTS off 
condition occurs vehile the Tx is in operation, the Tx 
vi transmit all the data in the USART, veritten prior 
to Tx Disable command before shutting dovvn. 


2-4 


Transmitter Buffer 


The Transmitter Bufier accepts parallel data from 
the Data Bus Buffer, converts it to a serial bit stream, 
inserts the appropriate characters or bits (based on 


TXD line vvill be heid in the ma. .ing state immediate- 
ly upon a master Reset or vhen Tx Enable or CTS is 
off or the transmitter is empty. 


Transmitter Control 


The Transmitter Control manages all activities asso- 
ciated vvith the transmission of. erial data. lt accepts 
and issues signals both externally and internally to 
accomplish this function. 


TxRDY (Transmitter Ready) 


This output signals the CPU that the transmitter is 
ready to accept a data character. The TxRDY output 
pin can be used as an interrup: to the system, since 
itis mashed by TxEnable, or, for Polied operation, 
the CPU can chect TxRDY using a Status Read op- 
eration. TxRDY is automaticaliy reset by the leading 
edge of VVR ven a data character is loaded from 
the CPU. 


Note that vehen using the Polled operation, the 
TxRDY status bit is not mased by TxEnable, but vill 
only indicate the Empty/Full Status of the Tx Data 
Input Register. 


TXE (Transmitter Empty) 


VVhen the 8251A has no characters to send, the 
TxEMPTY output vill go "high". it resets upon re- 
ceiving a character from CPU if the transmitter is 
enabled. TXEMPTY remains high vrhen the transmit- 
ter is disabled. TXEMPTY can be used to indicate 
the end of a transmission mode, so that the CPU 
"noves" vehen to "tura the line around" in the half- 
duplex operational mode. 


in the Synehronous mode, a "high" on this output 
indicates that a character has not been loaded and 
the SYNC character or characters are about to be or 
are being transmitied automatically as "fillers". Tx 
EMPTY does not go lov vhen the SYNC characters 
are being shifted out. 
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Figure 4. 8251A Blocx Diagram Shovrinç Modem an 


TxC (Transmitter Clocx) 


The Trarsmitter Cloct controls the rate at m"ich the 
character is to be transmitted. in the Syncrronous 
transmission mode, the Baud Rate (1X) is squal to 
the TxC frequency. in Asynchronous trersission 
mode, the baud rate is a fraction of the aczal TxC 
frequency. A portion of the mode inst o" selects 
this factor, it can be 1, Vie Or Ves the TXC. 


For Example: 


If Baud Rate equals 110 Baud, 

TxÒ equals 110 Hz in the 1x mode. 
TxC equals 1.72 hHz in the 16x mode. 
TXC equals 7.04 hHz in the 64x mode. 


The falling edge of TXC shifts the serial Cs out of 
the 8251A. 


Recelver Buffer 


The Receiver accepts serial data, converts His seri- 
al input to parallel format, checs for bits 2r charac- 
ters that are unique to the communication tachnique 
and sends an "assembled" character to —e CPU. 
Serial data is input to RxD. pin, and is clozxsd in on 
the rising edge of RxC. 


d Traàsmitter Buffer and Control Functions 


Recelver Control 


This functional bloch manages all receiver-related 
activities vhich consists of the folloving features. 


The RXD ini ation circuit prevents the 8251A 
from mistaxing an unu:ed input line for an active lovy 
data line in the "breah condition". Before starti to 
receive serial characters on the RxD line, a val 
must first be detected after a chip master Reset. 
Once this has been determined, a search for a valid 
lov (Start bit) is enabled. This feature is only active 
in the asynchronous mode, and is oniy done once 
for each master Reset. 


The False Start bit detection circuit prevents false 
starts due to a transient noise spihe by first detecting 
the falling edge and then strobing the normal center 
of the Start bit (RxXD — lov). 


Parity error detection sets the corresponding status 
bit. 


The Framing Error status bit is set if the Stop bit is 
absent at the end of the data byte (asynchronous 
mode). 
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8251A 


DETAILED OPERATION DESCRIPTION 


General 


The complete functional definition of the 8251A is 
programmed by the system's sofivvare. A set of con- 
trol vvords must be sent out by the CPU to initiali: 
the 8251A to support the desired communications 
format. These control vvords vvill program the: BAUD 
RATE, CHARACTER LENGTH, NUMBER OF STOP 
BITS, SYNCHRONOUS or ASYNCHRONOUS OP- 
ERATION, EVEN/ODD/OFF PARITY, etc. In the 
Synchronous Mode, options are also provided to se- 
lect either internal or external character synchroni- 
Zation. a 


Once programmed, the 8251A is ready to perform its 
communication functions. The TxRDY output is 
raised "high" to signal the CPU that the 8251A is 
ready to receive a data character from the CPU. This 
output (TXRDY) is reset automatically vhen the CPU 
viites a character into the 8251A. On the other 
hand, the 8251A receives serial data from the MO- 
DEM or I/O device. Upon receiving an entire charac- 
ter, the RXRDY output is raised "high" to signal the 
CPU that the 8251A has a complete character ready 
for the CPU to fetch. RxRDY is reset automatically 
upon the CPU data read operation. 


The 8251A cannot begin transmission until the Tx 
Enable (Transmitter Enable) bit is set in the Com- 
mand Instruction and it has received a Clear To 
Send (CTS) input. The TxD output viill be held in the 
marting state upon Reset. 


cD-1 SVNC CHARACTER 1 
SVNC MODE 
có.a SVNC CHARACTER 2 NENS 
CD.1 J COMMAND INSTRUCTION 
cD-o DATA 
C/D .1 Í COMMAND INSTRUCTION 
cD-0 
CiD-1 Í COMMAND INSTRUCTION 
205222-7 
"The second aync character ls shipped if mode instruction has 
Programmed the 8251A to single character sync mode. Both 
8ync characters are sidpped if mode instruction has programmed, 
the 8251A to async mode. 


Figure 7. Typical Data Blocx 
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Programming the 8251A È 


Prior to starting data transmission or reception, the 
8251A must be loaded vith a set of control vrords 
generated by the CPU. These control signals define 
the complete functional definition of the 8251A and 
must immediately follovv a Reset operation (internal 
Or external). 


The control vvords are split into tvvo formats: 


1. Mode Instruction 
2. Command Instruction 


Mode instruction 


This instruction defines the general operational 
characteristics of the 8251. It must follovy a Reset 
operation (internal or external). Once the Mode in- 
struction has been vvritten into the 8251A by the 
CPU, SYNC characters or Command Instructions 
may be vrritten. 


Command instruction 


This instruction defines a vvord that is used to control 
the actual operation of the 8251A. 


Both the Mode and Command Instructions must 
conform to a specified sequence for proper device 
operation (see Figure 7). The Mode Instruction must 
be vrritten immediately folloving a Reset operation, 
prior to using the 8251A for data communication. 


All control vvords vrritten into the 8251A after the 
Mode instruction veill load the Command instruction. 
Command Instructions can be veritten into the 8251A 
at any time in the data bloci during the Ooperation of 
the 8251A. To return to the Mode instruction format, 
the master Reset bit in the Command Instruction 
Vrord can be set to initiate an internal Reset Opera- 
tion vvhich automaticaliy places the 8251A bach into 
the Mode Instruction format. Command Instructions 
must follov the Mode instruction or Sync characters. 


Mode instruction Definition 


The 8251A can be used for either Asynchronous or 
Synchronous data communication. To understand 
hovr the Mode instruction defines the functional op- 
eration of the 8251A, the designer can best vievy the 
device as tvro separate components, one Asynchro- 
nous and the other Synchronous, sharing the same 
pachage. The format definition can be changed oniy 
after a master chip Reset. For explanation purposes 
the tvvo formats viili be isolated. 


8251A 


intel 


Vvhen parity is enabled it is not considered as one 
of the data bits for the purpose of programming 
vord length. The actual parity bit received on the 
Rx Data line cannot be reed on the Data Bus. In 
the case of a programmed character length of less 
than.8 bits, the least significant Data Bus bits vvill 
hold the data: unused bits are "don't care". mhen 
Nvriting data to the 82514, and vrill be "zeros" mhen 
reading the data from the 8251A. 


Asynehronous Mode (Transmission) 


Vvhenever a data character is sent by the CPU the 
8251A automaticelly adós a Start bit (love level) fol- 
lovved by the data bits (least significant bit first), and 
the programmed number of Stop its to each char- 
acter. Also, an even or odd Parity bit is inserted prior 
to the Stop bit(s). as defined by the Mode Instruc- 
tion. The character is then transmitied as a serial 
data stream on the TxD output. The serial data is 
shifted out on the falling edge of TxC at a rate equal 
to 1, Ve, Of Va that of the TXC, as defined by the 
Mode Instruction. BREAR characters can be contin- 
uously sent to the TxD if commanded to do so. 


Vvhen no data characters have been loaded into the 
8251A the TxD Gutput remains "high" (marhing) un- 
less a BreaR (continuousiy lom) has been pro- 


grammed. 


Asynchronous Mode (Receive) 


The RxD line is normaliy high. A falling edge on this 
line triggers the beginning of a START bit. The vi 


. tyof this START bit is cheched by again strobing this 


it at its nominal center (16X or 64X mode only). If a 
Du detected again, a valid START bit, and the 
bit counter vill start counting. The bit counter thus 
locates the center of the data bits, the parity bit (if it 
exists) and the stop bits. If can a ae des 

rity error flag is set. Data and parity bits - 
sa on the Ab pin vith the rising edge of the RxC. 
If a lovy level is detected as the STOP bit the Fram- 
ing Error flag vill be set. The STOP bit signals the 
end of a character. Note that the /eceiver requires 
only one stop bit, regardiess of the number of stop 
bits programmed. This character is then loaded into 
the parallel I/O buffer of the 8251A. The RXRDY pin 
is raised to signal the CPU that a character is ready 
to be fetched. If a previous character has not been 
fetched by the CPU, the present character replaces 
itin the I/O buffer, and the OVERRUN Error flag 


PARITY ENABLE 
4: ENABLE Q - DISABLE 


EVEN PARITY GENERATION/CHECX 


——————TT 1: EVEN —0:0D00 


NUMBER OF STOP BITS 


(ONIY AFFECTS Tx: Rx 
EVER REQUIRES MORE 
THAN ONE STOP BIT) 


205222-8 


Figure 8. Mode Instruction Format, Asynehronous Mode 
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4 Continved) 
A.C. CHARACTERISTICS (Continued) A.C. CHARACTERISTICS ( 
OTHER TIMINGS - TYPICAL A OUTPUT DELAY VS. A CAPACITANCE (pF) 
Symbol Parameter h Min Test Conditions À i 120 
tey Cloch Period 320 (Note 5, 6) i 
Le Cloch High Pulse VVidth 120 
. Cloch Lov Pulse VVidih 90 P7 
ta. tr Cloci Rise and Fall Time 1 z 
tOTx TxD Delay from Falling Edge of TxC El ip 
e 
ÍTx Transmitter Input Clocie Frequency z 
1x Baud Rate DC ri 
16x Baud Rate DC H 1 
64x Baud Rate DC va i 
tPvy Transmitter Input Cloct Pulse Vvidth I 
1x Baud Rate 12 i 
16x and 64x Baud Rate 1 Reg 50 9 450 100 
trPD a a Cloch Pulse Delay i i 2 3 3 CAPACITANCE (pF1 205222-19 
or 
16x and 64x Baud Rate 3 i ter 
fi Receiver Input Cloch Frequeni I h CUIT 
i 1xBaud te dal DC co dire A.C. TESTING INPUT, OUTPUT VVAVEFORM A.C. TESTING LOAD CIR 
i E 
16x Baud Rate DC 310. l RHz : i i 
L 64x Baud Rate DC €i5 — Í nHz si 
si 
tAPVV Receiver Input Cloci Puise VVidth xa 5 ei dé dx 
1x Baud Rate 12 tv ei i O OUT 
16x and 64x Baud Rate 1 iter 045 : De 
205222-: 
tAPD Receiver Input Cloch Pulse Delay I LI 
1x Baud Rate 15 i ter Rà 
16x and 64x Baud Rate 3 btey AC Testing: inputs are driven di 24 to, a lge tr em — 
"0". Timing meesurements are a 
txRDY TxRDY Pin Delay from Center of Last Bit 14 i tev Í (Note7) rei O.8V for a Logic "0". Cu 7 150pfF 
T : El 
traaDYCLEAR Í TXRDY 4 from Leading Edge of VR 200 Í ns Í (Note7) ea 
tAxRDY RxRDY Pin Delay from Center of Last Bit 26 l tey Í (Note7) Figure 18 
taADY CLEAR Í EXRDY J from Leading Edge of FD 400. lo ns i (Note 7) 
ts internal SYNDET Delay from Rising - VVAVEFORMS 
Edge of RxC is I tv j (Note 7) 
tEs External SYNDET Set-Up Time After SYSTEM CLOCR INPUT 
Rising Edge of RxC 181r j tAPo-ter I 98.) (Not i) 
T T 
UTxEMPTY TXEMPTY Delay from Center of Last Bit 22 li tey j (Note7) l El aq i 
I L 9 ss 
tyyc Control Delay from Rising Edge of 8 (Note 7) h) di 
VVRITE (TxEn, DTR, ETS) L er Lesió È 205222-22 
teR Control to READ Set-Up Time (DSR, CTS) 20 ò P tev Í (Note7) 
"NOTE: 


For Extended Temperature EXPRESS, use MIL 8251A electrical parameters. 
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TRANSMITTER CONTROL AND FLAG TIMING (ASYNC MODZ) 


en 


Ta EMeIy 


TaREMOY LL 
(rant an 


Ta READY 
tem 


có 


mm 


TADATA 
DATA CMAR Z 


DATA CHAR 1 


Example Format z. 7 Bit Charactor VVith Parity 4 2 Stop Bits. 


RECEIVER CONTROL AND FLAG TIMING (ASYNC MODE) 


DATA CMAR A 


srormT 
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antar OtMtct 


Unant, Mont 


s'atusat 


UvI Any EAROR 
status en 


mono 


Example Format s. 7 Bit Charactor Mith Parity 8 2 Stop Bits 


205222-30 


(penuazeo) SINBOJZAVM 


VISZ8 


Signetics 


Logic Products 


FUNCTION TABLE 


Í INPUTS F OurPur j 
I ST NE ES 
i 

L I L i H i 

I Ll i H H i 
Ho JH j 

OR LO NA GE EN 


H a HIGH voltage level 
L x LOVY voltage level 


PIN CONFIGURATION 


7400, LS00, SO0 
Gates 


Quad Tvvo-input NAND Gate 
Product Specification 


IVPICAL SUPPLY CURRENT 
(TOTAL) 

mA 

1.6mA 


15mA 


ORDERING CODE 


TT L em 
COMMERCIAL RANGE 
i PACRAGES, I Veg € 5V 1536: Ta 3 0PC to 470'C 
i 
lo Plastic OIP i N7400N, N74LSOON, N74S00N 
Plastic SO i N74LS00D, N748000 


d 


NOTE: 
For information regarding devices processed to Military Specilications, see the Signetics Military Products 


Data Manual. 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 


PINS lo DESCAIPTION —l I ns To ms J 
L 
LoOsAt cal i mputs ,: 1 tul CTE l. 
H i i —— 
Y i Output EET 108ul toLsul 7 


NOTE: i 
vihere a 74 unit load (ul) is understood io De 40A hu and — 1.6mA hi, a 748 unit load (Sul) 18 SOUA liu and 
-2.0mA lin, and 74LS umt load (LSul) is QOUA lin and -0.4mA li. 


LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 


9: 
AI 
u— dB 
a I 
Can i 
i 
i 
i 
DE L 
December 4, 1985 5-3 : 853-0501 81501 


horvise noted,) 
ni ma am are 


'UNIT 
ax i 
9 LuA 
——————leLÉ 
5 v 
———— 
4 iv 
El DE RD 
5 i 
———— 
jo m 
La 
4 
i LI 
do 9pe, Í 


Logic Products 


FUNCTION TABLE 


INPUTS QUTPUT 
A B Y 
L L H 
L H L 
H L L 
H H L 


H s HIGH voltage level 
L  LOV voltago level 


PIN CONFIGURATION 


7402, LS02, S02 
Gates 


Quad Tvvo-input NOR Gate 
Product Specification 


TYPE TAICA LE PROAGANON TYPICAL petar gal 
—— 
7402 1Ons timA 
74.892 1Ons 2.2MA 
74502 3.Sns 22mA 


ORDERING CODE 


COMMERCIAL RANGE 
FACIAGES Vec 5 5V 1590, Ta 5 0"C to 470"C 
Plastic DIP N7402N, N74LS02N, N74S02N 
Plastic SO N74LS020, N748020Q 
T 


NOTE: 
For information regarding devices processed to Military Specitications, see the Signetics Military Products 
Oata Manual. 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 


PINS DESCRIPTION 
A, B inputs 
Y Output 


NOTE: 
Vmaro a 74 unit long (ul) is untarstood to bo 404A In and - 16mA hg, 8 748 unit had (Su) is SOLA hi and 
-ZOMA hi, and 74LS unit load (LSul) 18 2ZOVA Up and -0.4mA he 


LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 


December 4, 1985 


5-9 853-0502 81501 


duet Specification 


7403, S03 


nervise noted.) 


7404, LS04, S04 
Inverters 


Hex Inverter 
Product Specification 


UNIT Logic Products 
Max 
CEE EE 
250 pA 
—— PE TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
0.5 v PE. DELAY (TOTAL) 
4 -12 v 7404 tOns i2mA 
10 mA T4LS04 9.5ns 2.4mA 
74804 3ns 22mA 
VA 
50 pA ORDERING CODE 
FR EES o oa a api er 
COMMERCIAL RANGE 
20) mA FASRAGES) Vec 3 5V 5964 Ta 3 0'C to 4 70"C 
132 l mA . Plastic DIP Í N7404N, N74LSO4N, N74S04N 
36 mA Plastic SO i 
FUNCTION TABLE NoTi I I I 
able typo, En For intormation rogarding dovicos processed to Military Specilicauons, 500 ihe Signetics Military Products. 
INPUT OUTPUT Data Manual. 
A Y 
i a INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 
H L PINS DESCRIPTION 74 I "5 T4LS 
H x HIGH voltage level A Input 4ul 18ul 1LSul 
L x LOVV voltage level 
Y L Output 10ul 10Sul 1OLSul 


PIN CONFIGURATION 


NOTE: 
VVhore a 74 unit load (ul) is understood to be 4QuA lin and - 1.6mA li, a 748 unit load (Sul) is SO,A lin and 


-2.0MA In, and 74LS unit load (LSul) is 2OpA hy and -0.4mA lin. 


LOGIc SYMBOL 'LOGIC SYMBOL (IEEE/IEC): 7 


December 4, 1985 


5.15 R 853.0504 81501 


7420, 7424, LS20, LS24, 


853-0546 81501 


December 4, 1985 


I 
7446, 47 
E Ges ia S20 
. Gates 
othenvise noted.) 2 
OT 1 , Dual Four-nput NAND (20) AND (21) Gate 
Du 1 UNIT Logic Products Product Specification 
a 
REP REDET EE TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
De el JE DELAY (TOTAL) 
——————— 7420 10ns 8mA 
by Y T4LS20 tons 0.8mA 
to lo om 21 tans 8mA 
el 
— a) 74.521 9ns mA 4 I 
ae Et ORDERING CODE 
48 mA 
P a) COMMERCIAL RANGE 
as Lm I RASIAGES Vec 5 5V 15303 Ta 5 DC to 470"C 
a Ti FUNCTION TABLE 
im J di Sres Plàstics DIR, N7420N, N74LS20N, N74S20N 
CE RSS LLORENS ele, CE ara ets ed de el gerra 
Lu Sàds ale 0 vean va o i 
ya I L xX XIX H L Plastic SO 
XIII xt H L NOTE: 
X x L X H L For intormation regarding devices processed to Military Specifications, see the Signetics Military Products 
xixixiUi on L Data Manual. 
DENE DEZ) HIHIHIMI L H 
El CC Gina fei — INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 
LE LON vollaga:loval PINS DESCRIPTION 74 / ns T4LS h 
X a Don't care ca 
Pes A-O Inputs uo do su 1LSul 
va i Y Output tou lo t0Sul 1OLSul 
meorseos NOTE: 
a VVnoro a 74 unit load (ul) is understood to ba 4044 In and - 1.6mA hi, a 748 unit load (Sul) is SOLA hu and 
ades, -2.0mA hi, and 74LS unit load (LSul) is 204A Un and —0.4mA Hg. 
1g Outputs, 
PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 
i '20, '21 "20, '21 '20, '21 
— i 
A l un i 
dl l 1 
ns I — 
le) i a Le 
0) 
Ll 
i 
den 
I 
SD 
: i LE) 2) . 


Product 


a Mc 7430, LS30 


7428 
——————— Gates 
4 Elght-input NAND Gate ed) 
untoss othorviso not Ri 
—— 200) Product Speciticatlon 4 
28 4 U 
————l i 
UNI 
p' Max L i I Logic Products 
— i 
MS 
Es 0A RC: 
es DOC A TVPE TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
EL A $ DELAY (TOTAL) En $ 
é 10 a : 7430 tns 2mA 
I 
————— 
RS as, d300 tins 0.5mA 
ES mA ORDERING CODE 
-18 
2 dill i PACRAGES COMMERCIAL RANGE 
21 mA Vec 3 SV 1596: Ta 5 0"C to 470"C 
ml 87 mA Plastic OIP N7430N, N74LS3ON 
un Plastic SO N7ALS30D 
e applicable type. 
pd FUNCTION TABLE Roral 
a ot Iha short circuit shoul Lo For intormation regarding devicos processed to Military Specitications, 390 the Signetics Military Products 
Re sa INPUTS OuTPuT J.— Data Manual, 
La AB Í C I DIE Í F Í GJH Y INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 5 
ES a v'aixixixixixix) H PINS ESCRIPTION 7 TALS 
xitixtalxixixixt H L''O'osscRiemo 
xixiuixixixixixt H AH Í Inputs tut 1LSul 
xixixieixixixixt H Ç A ce 
xixixixieixixixt H — dl AR 100 9LSu 
ixixixixiuixix H NOTE: 
: alxixixixiuix H Venoro a 74 unit load (ul) 18 undorstood to bo 40uA Un and -1.6mA h, and a 74LS unit load (LSul) 
'x xixixixix xii Hi 9 2OUA Any and 0 AMA hi 
HJH HJ A Laia Ú 
LI EMIGH voltaga loval 
La LOVV voltago lavel 
—————É— X s Oon't care 
PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 
i: 


Bílouaum- 
xlolntriololebx 
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7427, LS27 
Gates 


Triple Three-input NOR Gate 
Product Specificatlon 


Logic Products 
IPE TYPICAL PROPAGATION Í TYPICAL SUPPLY.CURRENT 
DELAY (TOTAL): 
7427 9ns Í t9mA 
74L527 10ns Í 2.1mA 
ORDERING CODE 
COMMERCIAL RANGE 
PACIAGES: I Vec 5 5V 1516: Ta 3 0'C to 470"C 
En Plastic DIP la N7427N, N74LS27N il 
mi Plastic SO Í N74LS270 
mA NOTE: 
i dire Re : sa 
i T, FUNCTION TABLE Eren regarding devices processed to Military Specifications, see Signetics Military Products 
Plicable type, 
RE L'oureur INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 
i B 
CN es 4.) i : PINS DESCRIPTION Z) P 745 J 
L H Dia Ge el 
X X H I A-C rI 
X H x l y 
Hlx ix Ú les 
H s HIGH voltago level Vihorg a 74 unit load (ul) is understood to be 40uA li and -1.6mA in, a 74LS unit load (LSul) is 
L - LOV voltage level 2O4A Un and -0.4MA hg. ' 
X - Don't care 
I oc di 
—— 
PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 
Xa UNIT 
LI 
2 
8 ns 
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Signetics 74L5138, S1438 
Decoders/Demultiplexers 


1-01-8 Decoder/Demultiplexer 
Product Specitication 


Logic Produets 


FEATURES TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
e Demultiplexing capability TYPE DELAY (TOTAL) j 


e Multiple input enable for easy 74L5138 20ns 6.93mA 
expansion 

o Ideal for memory chip select 
decoding 

9 Direct replacement for Intel 3205 ORDERING CODE 


DESCRIPTION COMMERCIAL RANGE I lt 


748138 Tns 49mA 


The '138 decoder accepts three binary Vec € 5V 1816: Ta 0" to 479'C 

veighted inputs (Ag, Aj. A2) and mhen N748138N, N74LS138N 

enabled, provides eight mutually exclu- Plastic SO N74LS1380, N748138D 

sive, active LOVV outputs (O - 7). The Not 3 
dere ERC ges re A For rlormaten tegarding douces processod lo Millary Specifications sea tho Signetics Miltary Producta 
HIGH (Es). Every Output vill be HIGH È 
unless E, and E, aro LOVV and Esis INPUT AND QUTPUT LOADING AND FAN-OUT TABLE 
MI, Ti múltiple enable tincton al Ú . 


lovvs 0a8y parallol Oxpansion ol tho do- ris NS DESCETION 

vice to a 1-01-32 (5 lines to 32 lines) All 

decoder vvith just four "1385 and one LL Outputs 1OLSul 
inverter, ais 


Inputs 


The device can be used as an eight Vhore a 748 unit load (Sul) is SOUA In and — 2.0mA in, and a 74LS unit load (LSul) 18 2OuA My ANd —0,4mA 
output demultiplexer by using one of the. — tt 

active LOVV Enable inputs as the Data 

input and the remaining Enable inputs as 

strobes. Enable inputs not used must be 

permanentiy tied to their appropriate 

active HIGH or active LOVV state. 


PIN CONFIGURATION LOGIC SYMBOL 
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Product Specitication 


sgneltics LOgic Products 


Decoders/Demultiplexers 7415138, S138 


LOGIC DIAGRAM 


vat i Xa Ài Ag E Es Es I 
4 i ai ai mi mi 9 61 I 
i j ' j air Ú 

I 

i 


CQUA lin And -0.dmA 


44 3 Pin aumber 
i de MP té i 
IND e Pin 8 


FUNCTION TABLE 


INPUTS 


El Es 3 JE, al 
H Li H H H H H 
EE/IEC) x H x va El l H H H H H 
ar OE) X X x H El Ll H H H H H i 
l ls H t i t - hi H El H H H i 
t t H "H t L H t El El H H H uo 
L L A 8 Ll . EN El . H H H H Ho l 
t t H Ll " 5 n " Li) t 4 H H H i 
j i i i Ll ' ' ' M H H no d 
L t u ' a : ' Ll H L H LE 
Res I L L La t MH El i " El El M H L Ho I 
ser dE EE Sa JERRT des (ONCE EE EM, DE) Bec es 


Ha HIGH voltage 'evel 
is LM voltage level 
Ce Dont care 


Ll 


33:0455. 81502 
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acer 


Logic Products 


FEATURES 

e Demultiplexing capability 

e Tmo independent 1-0t-4 decoders 

e Multifunction capability 

e Replaces 9321 and 93L21 for 
higher performance 


DESCRIPTION 

The '139 is a high-speed, dual 1-01-4 
decoder/demultiplexer. This device has 
tvvo independent decoders, each ac- 
cepting tvo binary vveighted inputs (Ag, 
A1) and providing tour mutually exclusive 
active LOVV outputs (Ó — 3). Each decod- 
er has an active LOVV Enable (E). VYhen 
E is HIGH, every output is forced HIGH. 
The Enable can be used as the Data 
input for a 1-01-4 demultiplexer applica- 
tion. 


PIN CONFIGURATION 


7418439, 81439 
Decoders /Demultiplexers 


Dual 1-0f-4 Decoder/Demultiplexer 
Product Specification 


i TYPE TYPICAL PROPAGATION DELAY TYPICAL SUPPLY CURRENT 
I (ENABLE AT 2 LOGIC LEVELS) (TOTAL) 

74LS139 at 195 6.8mA 
ls 748139 i 6ns 60mA 


ORDERING CODE 


COMMERCIAL RANGE 


j 
PACRAGES I Vec £ SV 15993 TA Z 0"C to 4 702C 
Plastic DIP i N748139N, N74LS139N 
Plastic SO j N74LS1390, N7481390 


NOTE: 
For inlormation regarding devices processed to Millary Specilications, see the Signetics Military Products 
Oata Manual 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 


PINS Í DESCRIPTION 5 I 
All Inputs 18ul 
i : - LU va - ut Ouiputs di "xi 108ut 
NOTE 
At dat all MA ha AN DOMA he arma ACS mt Ment EE Gal ma ZOnA hp anat O AMA hg 


LOGIC SYMBOL LOGIC SYMBOL (EEE/IEC) 


1 1.3 15 un 


Mop Ap 


DECODERd 


Ma An El 


DECODER a 


00, 014 02,034 Q0y 01,02, Q34, 


ssagens, cam 


Vec 2 Pa 16 
GNDe Pn 8 
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Signétics Logic i 


Decodei 


LOGIC DIAGI 


È, 
IC) 


H 2 HIGH vollago 
Le LOVY vottago lo 
ABSOLUTE V 


Mar dt 
TG 


d'IDE "Or Ta 


RECOMMEND 


EE ' 


L Product Specitication 
————— 


15453,:5453 


Ddienió 

TU tamvos, 
erting Outputs 
————————— 


j 2.5ns / 2.5ns 


Logic Products 


FEATURES 

e 16-line demultiplexing capability 

e Mutually exclusive outputs 

e 2-Input enable gate for strobing 
or expansion 


DESCRIPTION 

The '154 docoder accepts four active 
HIGH binary address inputs and pro: 
vides 16 mutually exclusive active LOVV 
outputs. The 2-input enable gate can be 
used to strobe the decoder to eliminate 
the normal decoding ''glitches" on the 
outputs, or it can bo used lor oxpansion 
ol ha decodur, Tho onable guts has yo 
AND'ed inputs vhich must be LOVV to 
enable the outputs. 


The '154 can be used as a 1-01-16 
demultiplexer by using one ot the enable 
inputs as the multiplexed data input. 
Vhen the other enable is LOVV, the 
addressed output vil folloy the state of 
the applied data. 


PIN CONFIGURATION 


74454, LS154 
Decoder/Demultiplexers 


1-01-16 Decoder/Demultiplexer 
Producet Specification 


TYPE TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
DELAY (TOTAL) 
74154 21ns S4mA 
74LS154 t5ns 9mA 


COMMERCIAL RANGE 
Veg € SV 15963 Ta 5 0'C to 470"C 


N74154N, N74LS154N 


PACRAGES 


Plastic OP 


NOTE: 
For information regarding devices processed to Military Specitications, see the Signetics Military Products 


Data Manual, 


FAN-OUT TABLE 


I i T4LS 
Al I) tal Í 1LSul 
Al Í Outputs i Í 10ul Í 1OLSul i 


NOTE: 
Vehoro a 74 unit load (ul) 15 undorstood to bo 4OjA hp and - 1.6mA hn, and a 74LS unit toad (LSul) is ZOpA ip 
and -04mA hi 


LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 


3456 17/89 101112131415 


NS 8 TB NI NN N IS NO I 4 
samaao 


Vec "Pa 24 
GND e Pin 12 
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Signeties Logic Produets 


Decoder/Demultiplexers 


74454, LS1454 


LOGIC DIAGRAM 


bb I A M La 
9 9 (24) an au 0 


- 


Ve em 9a 
GNO dm 12 
(a P auimbars 


FUNCTION TABLE 


99 To Fun Tn Ta 


us 


a 


Produet Specitication 


INPUTS i 
Eo (En P Ag Ag As Api O LE RR EE EE i RAL 
lt HI XX X RN HHH H HN H ou nu H HD D ú 
H LIX XX XiH HHH HH H H HR U HMH HHH 
H HEXIXIXXI AH Ha HH HH H H HH HH H H 
LLEI LE LIU ARM HHH HM RMN UM É 
Ljt LLL HPH L HR HH HH HH HHH HMH H 
CJUJULHLQH HL HH MH HHH HH H,H H H M 
Mpal LL OH HL HA H LO H HM HOH OH MO HR He Ma HS 
CIUJE HL LIH HM ML HM HH HM HM RM 
UILJC H L H HH HH H L'H H HH HMH MH MH MH HI 
Let CRRLIR ARA HH LHHHHHHAMANMH 
UICJU HH HIH RH HR HH HL HMH HH HMH AH 
LIL H Rolcit LAGHSA HO HH HM on HN LS 
CDIEJH LC AH HHH HH HMH HL H HH HH AH 
t LA LL H LIH H HH HH HH H HL H HH H H 
LUPGIH L HHIR HH MHHHAHH HMH LO HH HH 
LEUCIH AL LIMAHHHHHHHHAHMHL HMH MH 
LELIH HL HPH H HH HH HH H H 4 H Q H MH 
RLIUIH HH LIH HH rn H H H H 4 oh HOH LO H 
CLUIUIH HH HH HM Ha H HM H H HHH L 


H s HIGH voltage level 
La LOVV voltage level 
X 2 Dori't care 


ABSOLUTE MAXIMUM RATINGS iOver Ooperating lreo-ar 


Mperature "ange unless dlmermise noted.) 


CC PARAMETER CS CE Ga Fa ms UNIT 
V UpIy volta i LL) i P0 i v 
Vi Dpdes Input voltago— o I — Mat -0.5 to e5:5: i los to 20 ma li I 
i hp S Input current I - Ó CEE i mA i 
I Veur Voltage applied lo Qutgut im HIGH Dutput State — V I 
I. Ta Operating free-arr temperature tange i 16 j 
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Signetics Logic Produets 5 Product Specification 


Decoder/Demultiplexers 74154, 19154 


LOGIC DIAGRAM 


I 
I 
j 
i 
i 


Veg 1Pm 24 
GND 2 Pm 12 
am Pin numbers 


I 
j 
I 
i 
j 


FUNCTION TABLE 


OUTPUT 
78 


PEEEELEDEI DA angeezla 


o 
3 
Es 
a 


I 
I 


Irzrleo 
P de 


IrIXrIa 
Ed 


DE de ds de de de de den 
IIIICIIIXIIXzIIr: 


NS 


IILIIIIIAITXeIx 
ILIIIIIII-IrrIarr 
IrIIitrIIrIimtzzzzzzle 
LIIIiICIIIIIIIIIIrrI: 
LED EI EA 
IIrdLIIDIXaXIAI 


JE 


CIXIXIIIIIDCIXIXLITtIIr 


NOTES: 

1 For con 

2. AN tgpre. 

2. log m8 tu 
su 000) 1 

4 Munmies 


frrIIIIrIIImo2rrrzazrzzzl al 


L 
H 
H 
L 
L 
Ll 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 


DIIICCUVTIIIIó ee xxx 
LLIIrIXIIItIIIrIrIrxr 
XiIIIXIIICIIIIIIrirar: 
DICIIIXIDIIIDCCIZzazZza: 


I 


inrrIIIIIIIIIIIIr-rmrzazia 


ELOTIECC DLOCLLICGEeRX 
PDA P LC EC ED se Se 
CIIILCIIIIIIIIIIalrrr 


Í 


H a HIGH vollage lover 
Le LQVY voltagu loyal 
X e Con t care 


ABSOLUTE MAXIMUM RATINGS vover Metattij Ma 
pe a tida ats DS Bariites d 


PARAMETER I 


SuppIy voltage 


input voltage La -0.5 to 17.0 1 


Input current -30l0 HI 


Voltage applied to output in HIGH Quiput st Lo 20.5 t0 tVeç 
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Product Specification 


duct Spectfication Sgnelics Logic Products 
Te armes) 


54, LS454 Decoder/Demultiplexers 74454, LS454 


—————— 


RECOMMENDED OPERATING CONDITIONS 


PARAMETER 


Supply voltage 


HIGH-level input voltage 


LOVV-lovol imput voltage 


input clamp current 


HIGH-level output current 


LOVY-level output current 


Operating free-arr temperature 


DC ELECTRICAL CHARACTERISTICS (Over recommended operating tree-arr temperature range uniess othenvise noted.) 


i — i cn T 7 I 
PARAMETER i TEST CONDITIONS' H 
Max 


Veg 3 MIN. Vins MIN, Vi, s MAX, 


-l 
HIGH.evel output voltage EO lou a MAX 


: io Veg 3 MIN, 
LOVV-level output voltage — i Viy 8 MIN. 


Va 8 MAX 


Le MIN, hi 8 li 


Input ctamp voltage 


Input current at maximum 
input voltage 


HIGH-level input current 


LOVy-lovel input current 


Short-eircuit output 
current" 


Vec 7 MAX, Vi 2 


lec Supply current" (total) Lo Veg " MAX 


NOTES: 
4 For conditions shomn as MIN or MAX, use the approprate value spocitied under recommended oporaling conditions tor iha applicable type. 


2. All typical valves aro al Veg e SV, Ta v 25'C 

3 los 18 lostog math Voyr e 10 5V and Veg 8 ve: 
exceod ona socond. 

4. Measure lec Mih all impuls grounded and ài Julputs open 


MAX 19 5V. Hot more iMan one dulput should ba shoned at a uma and duration ot iha short circuit ShOuIG not 


AC ELECTRICAL 'CHARACTERISTICS Ta 8 25"C, Veç 8 50V 


4 i TALS 


: a— 


i L 
i PARAMETER TEST CONDITIONS — 'iC4£ 1SpF, Au 3 4000) Cp 8 15pF, RQ E 24 


í 


Propagation' delay 
Address to output 


Vvavelorm 1 


Propagation delay 
VVavelorm 2 
Enable to outgut ayE101 
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